LUBRI CATI NG O L COWGCSI TI ON WHI CH DECREASES COPPER CORROSI ON AND METHOD OF
MAKI NG SAME  BACKGROUND OF THE INVENTION 5 Field of the Invention This
invention relates to the manufacture and conposition of gear oil additives
used to decrease the corrosion of yellow netal conponents which are present
10 in axles and transm ssions. This corrosion may occur fromthe use of

sul furized olefins in the gear oil. Background 15 In gear oil

applications, sulf gears from
scoring. . However, e%g?cﬁjlrﬁﬁ r@!}%@mmky‘ﬂ#ﬁg&#g%}éggﬁve t owar ds
yell ow netal s, such:@BPERﬂp@RRﬂ&towmm METIHOD OFMASUNGLEAMBPpONnent s i n
conbi nation with phosphorus conponents produce a conposition that degrades
t he copper. Gear oil specifications have m ninum 20 requirenents for- copper
corrosion. For exanple, APIg maxi numrating of 3
in the ASTM D-1 30 test. B ﬁ@%#ﬂ-&qm‘{’/éﬁmél\] corrosi on, copper

passivatés, such as thi adl azol es and triazoles, are added in enough

guantities until the lubricating gil n accept abl e copper corrosion
performance. The addition of copﬁiﬂgégigiﬁéﬁﬂﬂgﬂls costly. 25 Therefore, a
new, cost efficient gear oil additive has been discovered that decreases
copper corrosion as well as decreases the cost of the gear oil additive.

Van Der VeerThis irdention meleteaﬁbitbamarﬂfmbtilmaamd)nompmbﬁinn\wggat pbadditivesscl ose
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' 8 sulfurized olefins in the gear oil.

Background

15 In gear oil applications, sulfurized olefins are typically used to protect gears
from scoring. However, these sulfur compounds are extremely corrosive
towards yellow metals, such as copper and copper alloys. The sulfur
components in combination with phosphorus components produce a
composition that degrades the copper. Gear oil specifications have minimum

20 requirements for cﬁohper corrosion. For example, APl GL-5 category requires |
a maximum rating of 3 in the ASTM D-130 test. Typically, to decrease copper

0

corrosion, copper passivators, such as thiadiazoles and triazoles, are added
in enough quantities until the Iubricating oil has an acceptable copper
corrosion performance. The addition of copper passivators is costly.

_' 25 Therefore, a new, cost efficient gear oil additive has been discovered that
decreases copper corrosion as well as decreases the cost of the gear ol

additive.

Van Der Veer et al., International Publication Number WO 98/16669, disclose
30 a corrosion inhibiting composition that comprises at least (A) a carrier of an

oily or waxy type; and (B) active components comprising at least (B1) a



selected fromthe group consisting of (a) aromatic acids and naphthenic
acids, which acids have the free acid formor the al kaline, alkaline
earth, ammonium and/or amine salt form with the proviso that sodium
benzoate is excluded, 5 (b) im dazoline derivatives having a C6_24 al kyl
noiety, and (c) C6.24 alkyl and al kenyl succinic acids including the
anhydri de conpounds thereof, as well as m xtures of conpounds defi ned
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hydraulic oil which contains essentially no zinc or phosphorus
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oil; (6) fatty acid; and (7) sulfur scavenger Baungar .
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purity, a notyipgensmtidased td dbtreasathe somesish of éldngatddccolsiects efssteel. ci um
sul fonate, a long chain fatty acid, ZDP, a zinc dithiophosphate derivative

and nore particularly a zinc aIkyIdlthlophosphate or di azol e such as

thi adi azgj e %&,Vﬁ{e}qﬂb{lgw@%ﬁﬁmﬁﬂﬂnb& Wwo 88h91b4 “ﬁ%sciﬁ§§§%n605
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| i ght ash [ ubricating
hydrautlc oﬂ contalns (1) petroleum hydrocarbon oil; (2) esters of dibasic and

15 monobasic acids; (3) butylated phenol; (4) phenol; (5) sulfurized fatty oil; |
(6) fatty acid; and (7) sulfur scavenger.

-Baumgart et al., U.S. Patent No. 6,413,916, disclose a lubricant composition
that deposits a corrosion protective coating on the surface which prevents
20  corrosion and reduces wear. The composition comprises a light mineral oil of
high purity, a molybdenum based lubricant, a metal sulfonate such as calcium
( o suifonate, a long chain fatty acid, ZDP, a zinc dithiophosphate derivative and
' more particularly a zinc alkyldithiophosphate, or diazole such as thiadiazole
. derivative.
25
| Khorramiaﬁ, U.S. Patent No. 5,439,605, discloses a base oil that contains a
copper passivator. The copper passivator is preferably a benzotriazole
derivative such as 1H-benzotriazole-1-Methanamine,N,N-bis(2-ethyl hexyl)-
methyl; and the copper passivator is preferably present in the final zinc
30  dialkyldithiophosphate (ZDTP)-free, with or without phosphorus, low ash or
light ash lubricating oill. |



2 Newi nghamet al., U S. Patent No. 3,923,669, disclose an anti-wear
hydraulic oil that conprises ngjor amounts of a mneral |ubricating oil
and m nor anounts of a secondary zinc dialkyl dithiophosphate anti-wear
agent, chelating type and filmform ng type netal deactivators, a neutral
bariumsalt 5 of a petroleum sulfonate, and a succinic acid based rust

I nhi bitor. Taguchi et al., European Patent Applicatjon No. EP 0926 224 A2,
di scl ose t he Newidghawretad., .S diptent o3 928,669, disglosedn antiawehehpdraalie
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| NVENTI ON A novel gear oil conposition has been discovered that decreases
t he 20 corrosri Onﬁ'g,frt)éil | ow netal conmponents of axles and transm ssions,

particul arly a8y nBuERResE Palenbappligatigadio.dily 098Rpba4 Aloflisslosgrthei ng a
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- conbi nat i on of e 25 thiadiazol e and .t a or_al kenyl succinic
anhydri d?egv\olal?se GlivR.RioRREION t9A ﬁ-ﬁEﬁ"?H@Q ﬁs%fszﬂie The ?Gw%ﬁﬁtoélth'ﬁ,orrponent s

in gears that }:fhcc% ' rbuﬁnég : conmpounds.
Di scl osed herg@?ﬁﬁé&gﬁ%\fg@rs@m ‘a 8?%9105/% p ciggg)ga@ggﬁ@ngg g{é\}sred_ in a gear
30 | ubri cati ngntidously variable transmission which achieves a sufficient friction

coefficient in a high sliding speed range while retaining lubricating oil

properties required as a lubricating oil for the automatic or continuously

15 variable transmission.

SUMMARY OF THE INVENTION

A novel gear oil composition has been discovered that decreases fhe
20  corrosion of yellow metal components of axles‘ and transmissions, particularly
copper and copper alloys. A gear oit composition comprising a sulfur
. component, a phosphorus component, a thiadiazole, and an alkyl or alkenyl
“succinic anhydride in an oil of lubricating viscosity has been found to
_ “decrease the copper corrosion of gears. Specifically, the combination of the
25 thiadiazole and the alkyl or alkenyl succinic anhydride_works to decrease the
- corrosion of the yellow metal components in gears thet occurs from contact

with sulfur and phosphorus compounds.

Disclosed herein is a gear oil additive package that may be used in a gear

30 lubricating oil.



Furt her disclosed herein is a novel process for preparing an additive
conposition that may be used in a gear lubricating oil. Moreover, the

di scl osure al so provides a lubricating oil conposition and 5 nethod of use
of the lubricating oil containing the disclosed additive conposition.
Accordingly, in one aspect, there is provided an oil-soluble additive
conposition conprising: 10 (a) an organic sul fur-containing extrene
pressure addi.tive; (b) a thiadiazole, wherein the thiadi azol e does not
contain a péuptber bdisglbaed hereat \isaadnohel ananess &r girepardgptan haddifivezol e
present in the thigdig ol e i froQ]about Or%.m¢96to.about 10 % 15 (c) an
ani no phosph&PIYOSHRP Eﬂ nay he yspd A geiubgeatiid @ty succi ni ¢ anhydri de,
wherein the al kyl or al kenyl group has a nunber average nol ecul ar wei ght
from about. 160" to about 700. 20 In another aspect, there is provided a

| ubricating dlareewerpdbet disalosurep@isg mgovides)a dubrigalinga el ueempesition a1d
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addi tive, 25¢bhipbsitianam no phosphorus conpound, (iii) a thiadiazole,
wherein the thiadiazole does not contain a polycarboxylate noiety and the
anount of di nmercaptothi adi azol e present in the thiadiazole is from about

0.1 M%to a wt % ' v akky, I Yk Tl i
anhydri (Zie, g?éﬁ%’%‘e IPz}ll E@E o%lrgp égﬁ %(terﬂ%? g':]é; u'SQ@fe at ﬁpa+lf<3§/?mglré1aﬁdéth\§/ﬁ
succi ni c1 0a_n hgdmipdeitibaomprising:

(@) an organic sulfur-containing extreme pressure additive;

(b) athiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wi%;

15 (c) an amino phosphorus compound; and

(d) an alkyl or alkenyl succinic anhydride, wherein the alkyl or alkenyl
group has a number average molecular weight from about 160 to
about 700.

20 In another aspect, there is provided a lubricating oil composition comprising:

(@) a major amount of oit of lubricating viscosity; and
(b)  a minor amount of an oil-soluble additive composition comprising:
(i) an organic sulfur-containing extreme pressure additive,
25 (i) an amino phosphorus compound,

(i) a thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of
dimercaptothiadiazole present in the thiadiazole is from about
0.1 wi% to about 10 wt%, and

30 (iv) an alkyl or alkeny! succinic anhydride, wherein the alkyl or
alkenyl group of the alkyl or alkényl succinic anhydride has a

e



4 nunber average nol ecul ar wei ght of from about 160 to about 700. In yet
anot her aspect, there is provided a lubricating oil conposition 5
conprising: (a) a mpjor anount of oil of lubricating viscosity; (b) from
about 0.25 to about 3.6 w % of an organic sulfur-containing extrene
pressure additive; (c) fromabout 0.3 to about 1.5 wt% of an am no
phosphorus 10 conpound; (d) fromabout 0.01 to about 1.2 wt % of an al kyl
or al kenyl succinic anhydmbky, avsiiageimoletidarmviight of frahrkabgdit tibtmabast a
nunber average nol ecul ar, i ght from about 160 to about 700; and (e) from
about 0.02 to about 0.25 Yo of a thiadiazole, wherein the 15 thiadiazole
does not contain a polycarboxylate noiety and the anount of

di mer capt ot hi adi aﬁol e thLEsent in _the thiadiazole is from about 0.1 wt%to
about 10 wt % M Lt RPNGH ARG AhRTE: s (Rrevideds ap lehieatinga oife capwosition
reduci ng yel | @ompréiay; corrosion in nmetal conponents in axles and

transm ssions conprising contacting 20 the netal conponents with the

| ubricating oi | dappesinsjormnesurdef iolled lubhizating Viscpeity;anot her aspect, there
is provided a rretBod of rrgkit&g an oil-soluble additive conposition
conprising: (a) FPkpdramgbautfl2a toabruta-Boytiaokan praanissydfr-containing

sul fur-containi ng Z%Xﬁéﬁ{eﬁﬁgsgﬁrﬁéﬁﬂiﬁ/ dditive with an am no phosphorus
' uct o

conmpound; and (b) mxing the pro (a) with an al kyl or al kenyl
succi ni ¢ anhydr {ce, froheakdout 0.84é0 abbyt 1.6rwidh bEay langnoyhdsphosusunber
- average %)I ecul ar wei ght of ,about 160 to about 700, and a

compound;

(d) from about 0.01 to about 1.2 wt% of an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight from about 160 to about 700; and

(e) from about 0.02 to about 0.25 wit% of a thiadiazole, wherein the

15 thiadiazole does not contain a polycarboxylate moiety and the ,
amount of dimercaptothiadiazole present in the thiadiazole is from

about 0.1 wt% to about 10 wt%.

In still another aspect, there is provided a method of reducing yellow metal
corrosion in metal components in axies and transmissions comprising contacting
20 the metal components with the lubricating oil compaosition as defined above.

In yet another aspect, there is provided a method of making an oil-soluble

_additive composition comprising:

(a) preparing a base package by mixing an organic sulfur-containing
25 extreme pressure additive with an amino phosphorus compound;
and ' "
N {b) mixing the product of (a) with an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
| 30 thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of dimercaptothiadiazole

present in the thiadiazole is from about 0.1 wt% to about 10 wt%.

5



30 thiadiazole,. wherein the thiadiazole does not contain a

pol ycar boxyl ate noi ety and the anount of dinercaptothiadiazole present in
the thiadiazole is fromabout 0.1 wt%to about 10 w% 5 In still another
aspect, there is provided a nethod of naking a lubricating oil conposition
conprising: (a) preparing a base package by m xing an organic

sul fur-containing extrene pressure additive with an am no phosphorus

conpound;  5k{ biill Ghaiteg arsb@cmm@qh Rbvidad aridthad ofhakingk labkieitig oil

succi ni ¢ anhydride, wherein the alkyl or al kenyl group has a numnber
average nol e@%ﬁnﬁpsﬁl@ﬂwmﬂ%out 160 to about 700, and a thiadiazole,

wh the th le d t I b ty. and th
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0.1 wt%to about 10 wdfemeAni@séins ARMNSWING ahRfnRbYHHED hahééampeﬁ&ﬁua maj or

amount of oil of lubricating viscosity. 15 In another aspect ere is
provi ded & met hodPhf nwmgdbe@rwdmtpééa)wwgw anjalkyt orplienyl succlmtbrprl sing: (a)

m Xi ng an organi c sul ure dditive am no
phosphor us conpound, an&gﬁ{é‘%ﬂﬁ}b@%@ﬂﬁgﬁ@@{eﬁy cIOHR ?Eﬂm%er ein the
al kyl or al kenyl groapefe molelle welghtdfibdoe 16D ke apbat 70@ e a of about
160 to about 700, and a_ thiadiazole, wherein the thiadi azol e does not

contain a pol ycar boljadipgolepwaelein fiie thindiszaladoss nateentaipeot hi adi azol e
Phe mxture 15 homogRaydafbodiatd BB A Rebnblirt of FRGH pldifza " 1
t he m xt m e of (a). present in the thladlazole is from about 0.1 wit% to about 10 wt%:;
and
{c) combining the product of (b) with a major amount of oil of
lubricating viscosity.

15 In another aspect, there is provided a method of making a Iubncat:ng oil
composition comprising:

(@) mixing an organic sulfur—contaihing extreme pressure additive, én
amino phosphorus compound, an alkyl or alkenyl sﬁccinic
anhydride, wherein the alkyl or alkenyl group has a number

20 average molecular weight of about 160 to about 700, énd a
thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and an amount of dfmercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wit%,
until the mixture is homogenous; and ’

25 (b) adding at least 90 wi% base oil to the mixture of (a).



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The Additive Package 5 The gear

oi| additive package of the present invention is an oil-soluble additive
conposition. The gear oil additi've package may be used in a gear

| ubricating oil. The additive package of the present invention conprises an
organi ¢ sul fur-containing extrenme pressure (EP) additive; an alkyl.or

al kenyl  succini c anhydride; an am no phosphorus conpound and a

t hi adi azol'e 10 corr05|oi ( LHr- ontai ning_
extrene pressure additi ¥e—w 3 : , ysul fide. "
Preferably, the organic sul fur- contalnlng extrene pressure additive is a
di al kyl polysulfide or m xture of dialkyl polysulfides. 15 Mrre preferably,
t he organic I a m xture of di-t-butyl tri-, tetra-, and

pent a-sul fide, such as the di-tertiary-butyl polysulfide known as TBPS
454, whi ch maybe obtained from Chevron Phillips Chem cal Conpany, Houston,
Texas. 206 Cr a4e- gisdrfcmraddﬁﬂe@ﬁeﬁég@bﬁﬁerﬁreséhﬂhvéﬁh@ B4 Hi-sA1gBlgM xture of
Cl0-C25 olefins,, with fatty acid esters of CL0-C25 fatty acids and G -C25
al kyl or al kéH tivg copmasgion. iherggar ailradditive packeice maybeusedén al gearol i s

unsat ur at ed e ressure
additive. l@q(}?ﬁfjgggd Ttg?' ﬁ]@e % ﬁgﬁa ﬁt%%%ﬁ‘gﬂgﬁjgﬁlo@é%ﬁﬁes?%gnpr esent
i nvention, aot—:gamg/puiﬁmmntammgaaxaénmjpﬁdseuree(ﬁn)l auditpfe: an@ﬂcy%r@lkﬁriw

i ncluding sulfurize | epe, %ﬁl ow- ol ecul ar - wei ght' pol yol'efin

or i ved T hor SHF ORISR SO ASHNeY R coDRpRh Brekie vaaER r - Sul 1 ur
monochl ofg decoﬁﬂ%ﬁﬁnlﬁlﬂiﬁﬁr di chloride. 30 7
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The organic sulfur-containing exireme pressure additive will typically be an
organic polysulfide. Preferably, the organic sulfur-containing extreme
pressure additive is a dialkyl polysulfide or mixture of dialkyl polysulfides.

15 More preferably, the organic polysulfide is a mixture of di-t-butyl tri-, tetra-,
and penta-sulfide, such as the di-tertiary-butyl polysulfide known as TBPS
454, which may be obtained from Chevron Phillips Chemical Company,
Houston, Texas.

20 Cross-sulfurized ester olefins, such as a sulfurized mixture of C1o-Cas olefins
_ with fatty acid esters of C14-Cys fatty acids and C4-Cys alkyl or alkenyl alcohols,
. ff ; wherein the fatty acid and/or the alcohol is unsaturated may also be used as

the sulfur-containing extreme pressure additive.

25  Sulfurized olefins, which may also be employed in the present invention, are
typically prepared by the reaction of a C;3-Cg olefin, including sulfurized
isobutylene, or a low-molecular-weight polyolefin derived therefrom with a

sulfur-containing compound such as sulfur, sulfur monochloride, and/or sulfur
dichloride. '
30



The succi ni ¢ anhydri de conponent of the present gear oil additive
conposition is an al kyl or al kenyl succinic anhydride, wherein the al kyl or
al kenyl group has a nunber average nol ecul ar wei ght of about 160 to about
700. Preferably, the succinic anhydride is an al kenyl succinic anhydride. 5
Preferred al kenyl succinic anhydrides include tetrapropenyl succinic
anhydri de and pol yi sobut enyl succinic anhydride. Wen the al kenyl succinic

anhydride i-s ' vl succi ni hydri de, the.polyisobutenyl group
will prefer J@‘%%@‘%W@&ﬁoﬂpmrﬁﬁ?ﬂﬁp@ﬁ%ﬁg%@“ﬁ#dﬁ%‘%t 700, nore
preferably akowiposiidntie anii oﬁé@cen?ﬂﬂjdmﬁé aRRdrRIcalneratRanb idd oro about
10 600. A particularly preferred polyisobutenyl group will have a nol ecul ar

wei ght of abdlenybgrouprhass purbpraveragesnelecwlat weighy of rbeul FEBEARDDYL used,
then the PIB C r r: Harri t al., ‘
U. S. Patent 3’90 ) ?}??Za@ggmaﬁggﬁ%?ﬁ Orporlg%&éﬁﬁ%ﬁ]ﬁg@%q@gca&h%%@dgne exanpl e
of preparbng FrefeBdglkenyl beceimic anbadtidesincdeaetrapidpeds! QicdmiBSA 15
preparation i n%I (Li’d(%e usi Bg gﬁqghjﬁ(;\r \ nat ed pol yi sobutene as di scl osed in

Mei nhar dt et 28Ydrqe and palyisebuignyl gueeinic anydrige Whendhgirlkemd suscivionmpound
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Prefer ?bld'y’ hpnefeeaﬁiﬂbamasmm?mluar weigbﬁoﬂfibdgst_m mrébfwt (Z'Dt)h'rmnbosphat e. y
T - di t hi ophosphat es, yseful, in e | ubricant the present invention
B | e rrearH B 450 ibout 5D s Hish Rietexably EbautiAcD Eoakan ng. Lo
hyd I ; ' ' : : fore

I e b BuouenaeuRAp priiRed R isotibneRidd il Ve SRfobaREF DI° |
l’ky | gr oups Weiighg of abeutad®h ol patyisnbuterije puesisintaahydede { PESAXiarsad,

P SR ol bt b St YoARARR SRR e,
di - 4- met hy| - 2.8ephtent i A88B580 helkdiR iRRINESRIRS By reference, is one example
01_’ preparing PIBSA by a thermal reaction. Other methods of PIBSA
15  preparation include using a chiorinated polyisobutene as disclosed in
- Meinhardt et al., U.S. Patent No. 4,234,435,

The amino phosphorus compound may be a phosphorus compound as
described in Salentine, U.S. Patent No. 4,575,431, the disclosure of which is
20  herein incorporated by reference. Preferably, the amino phosphorus
- compound is an amine dithiophosphate. Typical dithiophosphates useful in
(f the lubricant of the present invention are well known in the art. These
dithiophosphates are those containing two hydrocarbyl groups and one
hydrogen functionality, and are therefore acidic. The hydrocarbyl groups

25  useful herein are preferably aliphatic alkyl groups of 3 to 8 carbon atoms.

Representative dihydrocarbyl dithiophosphates include di-2-ethyl-1-hexyl
hydrogen dithiophosphate, diisoctyl hydrogen dithiophosphate, dipropy!
hydrogen dithiophosphate, and di-4-methyl-2-penty! hydrogen

30 dithiophosphate. '



8 Preferred dithiophosphates are di hexyl hydrogen dithi ophosphate, dibutyl
hydrogen dit hi ophosphate, and di-n-hexyl hydrogen dithi ophosphate. For use
in the present invention, acidic phosphates are partially or conpletely 5
neutralized by reaction mnth al kyl am nes. A m xture of acidic phosphates
may al so be used. The resulting conposition is a conplex m xture of

al kyl ammoni um salts, m xed aci d-al kyl ammoni um salts and aci ds of the

sul fur-free e r}gxd? [ lts and
free acids o?@ﬁgé@ﬁﬁﬁgp ggﬂr Eyi Qél :ﬂggﬂ gq&ggmﬁleé z%‘t#‘glrjl@?rrust be at
10 | east 50%1)/(13’096@dﬁbibphmphaiasﬂncBO%-heﬁyilqujeogdr?DditﬂuephospﬁmtéI s,

neutralization should be in the range of 85%to 95% wherein 100%
neutralization refers to the reaction of one alkylamne with each acid

hydrogen at oppr Jdt€inafk 'b‘?eéé?it%\bén't[énté(d?&i?é?Ho\éBHEtre'sVé?% Harr@%] ot 1gh plet ons in

The amine alkyl 15 group is from 10 referabl
| engt h. - Bypi eedtralized &y reactionuwith pliaytandioes) dnnnnmremn‘tmhhcphasphates may

cetyl am ne, | i preferred .is ol eyl am ne. en using a

m xture of d@?ﬁb%nﬁsggp@ Jé%ﬁﬁigg COMRastian i@ %élﬁﬁéf‘f' me nol e ratio of
the dithi Opr@aphmmmédn@ nﬁxddétﬁ‘dfa'lmarﬁﬁ%ﬁﬁhﬁfsﬁﬁs%'ﬂ@%ldﬂdé’@fﬂh’é the anae
of 70:30 to 30: 70, referabcﬁ/ 20 55:45°to0 45:55, and nost preferably 1:1.

'Cli'he lr)ml e rat ffusfreeaone gad h)tdé@lcarbylmfmS@batesmmtplkalamomumeal;so and0
7
S5 45, pr of cheproner R REAY ARk Belter. e Bri8UEe R 1

t hi adi azidl e Ieastrﬁﬁ%mbreférablyeatnéﬁmpﬁ, admplaty e FoPBREBIdSURS, héutPalization
n- pol ycar boxyl.at e i et y-contai ni ng_t hi adi azol e. Preferably, the
(nfn adi azol e § pe dxtheange £ 85¢nto %ZWBmlﬁéﬁé)%ﬂ@Ut[atBZMWE&ﬁmol e;

g gg:gtg 5- hy ?@%Q?H I%\hﬁaﬂnﬁ%ﬂ![{ﬁ@ gﬁgge"ft%mbl s(hydrocarbylthio

and 2, 5- bls(hydrocarbyld|th|o) 1,3,4 30 thladlazoles The nore preferred
corrpounds ar'Fhé Qr%lnle r:l)’mlety Psl t?/g{c%ﬁy? Iderived from an alkylamine. The amine alkyl
- 15 group is from 10 to 30, preferably 12 to 18 carbons in length. Typical amines
include pentadecylamine, octadecy!amine, cetylamine, and the like. Most
preferred is oleylamine. When using a mixture of dithiophosphates and
sulfur-free phosphates, the mole ratio of the dithiophosphates to the
sulfur-free phosphates should be in the range of 70:30 to 30:70, prefera.bly
20  55:45 to 45:565, and most preferably 1:1. The mole ratio of the substituted
dihydrogen phosphates to the disubstituted hydrogen phosphates should be
f ) B in the range 30:70 to 55:45, preferably 35:65 to 50:50, and most preferably
45:55,

25 The thiadiazole component of the present additive composition is a
non-polycarboxylate moiety-containing thiadiazole. Preferably, the thiadiazole
comprises at least one of 2,5-dimercapto-1 34-thiadiazole; 2-mercapto-5-
hydrocarbyithio-1,3,4-thiadiazoles; 2-mercapto-5-hydrocarbyldithio-1,3,4-
thiadiazoles; 2,5-bis(hydrocarbylthi6 and 2,5-bis(hydrocarbyldithio)-1,3,4-

30 thiadiazoles. The more preferred compounds are the 1,3,4-thiadiazoles,

. especially the 2-hydrocarbyldithio-5-mercapto-1,3,4-dithiadiazoles and the



especi al l'y the 2-hydrocarbyldithio-5-mercapto-1,3,4-dithiadi azol es and the
9 2,5-bis(hydrocarbyldithio)-1, 3, 4-thi adi azol es, a nunber of which are
available as articles of comerce. Mst preferably, a :

non- pol ycar boxyl at e- contai ning thiadi azol e containing about 4.0 wt% .
2, 5-di mercapt o-1, 3, 4-t hi adi azol e, which may be either Ethyl Corporation's
Hitec(r) 4313 or Lubrizol Corporation's 5 Lubrizol(r) 5955A, is used.

' 431 ' . rparati on,. Ri.chnond, .Virginia ,
et 5L B P SR S B B e RSP TR Sl 702,
Chi 0. The pr a$ artickes afcomiende. Mbsﬁpmmﬁm%rﬁﬁyﬁggfﬁg@f%&% About '

Ho. ; h R t . . ‘
10, 0wt o ol iAdipetle PTG SRou 49 Wish de5-dimercaptor 43 Adtiadigzelopwbiabr r od

. I HePsmdr i ' | 7 | NS
g, g \élvlt Z(:er cgptr%? 1, 3, 4-r£§rﬂ'gd|%?gfggioﬁgsv}ﬁﬁég&gﬁag?(%alﬁl%g?@c%?@%@ée noi ety,
was used & nshbelnizal® S9E6Acis(ugedd Hita® 488 mayobé optd¥ebRom Ethwhs f ound t hat

. : . Zo iy
Braml e andoPOKFAIOh AR AR RN e a2l Hgedmey bogiane e
Conpar ati ve ByaiEl %rpwﬁbﬁ,wyggg}gl -S;I?’%ﬁﬁgfég@r?ﬁ?'ﬂa% dfi tec(r) 4313 or

Lubri zol (r) 5955A. Usi ng Mobi C ecrease copper
~ corrosion (séignaeapiatiadigzolepsegantén thenthizrbatae maad én Respresent invamidres J, N

. - N 0, | nf I | yses of Mpbilad 0610 suggest
That Wobi | adCRL SHPYCoHd s 1ebBTf e e e Bartdh o bt w35 of
di mer capk(pt h.@dites;adrel modhsrekaipsd 48twpg. O | Conposition 25 The organic

Il fur-containing extreme pressure additive, am no phosphorus conpound,
Eﬁl adi azol e corrosion inhibitor and al kyl or al kenyl succinic anhydride

and ot hor - conacarubitafun EXfrbice Al Mariihe 7L thieh B oo detbren " S
Typi cal l'y, th84-thiadiszslé havinglarcaiRpqsalydpBoRflafctBoRtE SR ud sty Rtd N of
COMPTLSES 2 Hiteo® 4313 or Lubrizol® 5955A. It was found that using Vanlube 871 did not
15 decrease copper corrosion (see Comparative Examples and Performance
‘Resuits: Examples |, K and O). Also in the Comparative Examples, Mobilad
C610 was used instead of Hitec® 4313 or Lubrizol® 5955A. Using Mobilad
C610 also did not decrease copper corrosion (see Comparative Examples
and Performance Results: Examples J, N and R). Carbon — NMR and
20  Infrared (IR) analyses of Mobilad C610 suggest that MobiladC610 only has
trace amounts (i.e., approximately 0.01 wi%) of dimercaptothiadiazole.

The Lubricating Oil Composition

25 The organic sulfur-containing extreme pressure additive, amino phosphorus
compound, thiadiazole corrosion inhibitor and alkyl or alkenyl succinic
anhydride are generally added to a base oil that is sufficient to lubricate gears
and other components which are present in axles and transmissions.
Typically, the lubricating oil composition of the present invention comprises a

30  major amount of oil of lubricating viscosity and a mino'r amount of the gear oil
additive package.
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30 maj or anount of oil of lubricating viscosity and a m nor amount of the
gear oil additive package. 10 Specifically, the lubricating oil

conposi tion conprises preferably fromabout 0.25 w%to about 3.6 w%
organi ¢ sul fur-containing EP additive, such as a mxture of di-t-butyl
tri-, tetra-, and penta-sulfide. Mre preferably, fromabout 1.2 wt%to
about 2.6 wt%sulfur containing EP additive, such as a m xture of

oi 1 compesi 1 TRacTRaR: Fie WPACBRIBPCaMbbGn obiehisES Bluretdby fibm 480 } e
sul fur- cont Qi25iwis EPahdﬂl]?u Bwet% srgahicsulfurmoxtainiag @P dilditivéuuoh ¢ a-,
| ubricati ng Qi |_conposition.

tetra-, and nta resent int

P(rae; erably, b"gﬁénvi@)‘f -02BP HEMN als'g ide-odviowe e Sfﬁﬁbﬁﬂ?rﬂsﬁb@é‘ﬁpound
such as am ”?2]\9%1 Bb@lﬁ’t@éwgﬁ §ulfdr5cdn'ﬂalﬁﬁ|§ I*."%Hgﬁ@é' hod a idsl on.
Mre preferably, from about 7 W% wi% am no p osp or us
conpound 9 s dir-kuigl trit,dbira< andpnta-sulfidepisgiresent.in Mus lubricetirey aibl v, f rom

% d
ubri cai i ng. STPRgHgs Mt pretomhBr s PoTE e Glabaiici2 Witk fefuibout 1. 20
wt % al kyl  or caitliming EP%ItWeCsQéW agiéyrﬁrmﬂféofw%uﬁ@tr efe&:%Dref’rRﬁ“yl succinic

anhydrl de or polyisobutenyl "succinic anhyd e, I's1nthe ricating oil
conposi ti on. PBRSUNidE; s pisisgnt inrtbenlubrivating @ﬂmnmd&ltm drrefarably7 from % of

annydr i de or TS IR e i iR e o s CRPRSER suSh A et oi
conposi t0on. ditisphaBphbes, 3 In/theflinTBARg Bl Cordosifon. L MoRDpIdreréBI) R W %

él kyl or al kenyl succinic anhydride, such as tetrapropenyl succinic

nhydri de oraR@itg. %Mﬁ%tf@rﬁho%dé’cwk%@r@namosabqrusmmpqum isimtheat i ng oi |l
RS P Yombo IR O B AR B B £ 275
t hi adi azol e, wi% anmnb fibhok; Isrus oimpupdlis dPteABbAtatihg dbéampégfienabl y, about
ﬁgnoaloiy\lmt %O‘F & abg&({ma‘gz gbt\JAt'tJt% (t)1h {Aﬁ% t%zaoblo%t 1S2UOCVQt% s:':llkyl or alkenyl succinic
15 anhydride, such as tetrapropenyl succinic anhydride or polyisobutenyl
‘succinic anhydride, is in the lubricating oil composition. More preferably, from
about 0.10 wit% to about 0.75 wt% of alkyl or alkenyl succinic anhydride, such
as tetrapropenyl succinic anhydride or polyisobutenyl succinic anhydride, is in
the lubricating oil composition. Most preferably, from about 0.25 wt% to about
20  0.60 wi% alkyl or alkenyl succinic anhydride, such as tetrapropenyl succinic
_ -anhydride or polyisobuteny! succinic anhydride, is in the lubricating oil
(" : composition. Preferably, from about 0.02 wt% to about 0.25 wi% thiadiazole,
such as a non-alkyl-polycarboxylate moiety-containing 2,5-dimercapto-1,3,4-
thiadiazole, is in the lubricating oil-composition. More preferably, about
25 0.05 wt% to about 0.20 wt% thiadiazole, such as a non-alkyl-polycarboxylate -
moiety-containing 2,5-dimercapto-1,3,4-thiadiazole, is in the lubricating oil
composition. Most preferably, from about 0.1 wt% to about 0.18 wit%
thiadiazole, such as a noh-aIkyl-polycarboxylate moiety—co.ntaining
2,5-dimercapto-1,3,4-thiadiazole, is in the lubricating oil composition.

11



noi ety-contai ning 2,5-di nercapto-1, 3,4-thiadiazole, is in the lubricating
oil conposition. Mdst preferably, fromabout 0.1 wt% to about 0.18 wt%

t hi adi azol e, such as a non-al kyl - pol ycar boxyl ate noi ety-contai ni ng
2,5-dimercapto-1, 3,4-thiadiazole, is in the lubricating oil conposition. 30
11 The base oil enployed may be any of a wide variety of oils of
lubricating viscosity. The base oil of lubricating viscosity used in such

iti - b ] il thetic.oils. A e, 0l.l having a
Vi'sbost ty of THE fese i ShESIEY mBy Byt Wik Wik 0B er BiTsang or ef or anl v
at or bel ow Qigcosify. PhelBasd SiPbRlubRBAIRPRScityusERYn R cH biRAitldrtha

synthetic or natural sources. Mneral oils for use as the base oil yn this
i nventi on i nbeudieera efls exayshetic o r Aftisaiod havinsha Misepeitatialberst oil s t hat

el ude, |1 or 25 SRRATGAR 4 b3 BdrBbronlATReBrere Ry aPRhORY TS esters
and i xt \f esdesieattef Thebiaeg dilb endlesé detved frertsyrtheticlotystuad dbhedessynt heti ¢

oils may include, for exanple, oils prepared fromthe polynerization of
et hyl ene, pomrﬁhﬁﬂﬁ for uge gs tpabase 104 in Biis Bivestion isduds) fer &@mpladr ocar bon

t hesi AL ' : ' d . chyas in a
 oher - Tr ops PR HIE A RC B BincFARR thete 8RR AN IRER, i WA ERE Moo o
pol ymers ‘of ebmpasitiors.i Synfgeﬁc{: oits trivkude; fq&rﬁgesxam;ﬂ%gcbthlshyﬁﬁml B?@b&ﬂthbﬁﬁusef ul

e the hydrogenated |iquid oligoners o to Cl2 al pha_ol efins _such as
(ilf decene %/r i H&?néﬁx@hﬁg%?st&rwﬁg H&!ft‘éﬁ?e@‘e&d&%ﬁ@rthﬁi%?ﬂt\&@co%&h ast
di dodec b S . esters

£ Tonothr bt ears s Rl R Ky Rar Sl B o BrerRred RBnt 08,03 oy
él kanol s andpplymesization 9b¢tbalenexpolpblphaaleﬁntﬂirtﬂmtléoil§, arilggirepared from

t thritol 20 tetracaproate, di-2-eth exyl adi pate,
8$Pa3$;l>lse[):a&\éc%r893%‘?8 qyﬁgq%fq(@'_oce%r@a W%é@rgpg e @and hAreast ur es of

mono and di cgabaxsldiCadinl AFisRBATIOPRA [HEk<d. YUY ARV drotabot GiIR be
used. Blends of mneral oils wth
. include liquid polymers of alpha olefins having the proper viscosity. Especially

15 useful are the hydrogenated liquid oligomers of Cg to Cy2 alpha olefins such as
1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as
didodecyl benzene, can be used. Useful synthetic esters include the esters of
monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecy! adipate, pentaerythritol |

20 tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like.

‘Complex esters prepared from mixtures of mono and dicarboxylic acids and
(_ ' mono and dihydroxy alkanols can also be used. Biends of mineral oils with

synthetic oils are also useful.

25 Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating
viscosity. The base oil can also be a mixture of mineral and synthetic oils.
Most preferred is a Group | base oil. |
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synthetic oils are also useful. 25 Thus, the base oil can be a refined

- paraffin type base oil, a refined naphthenic base oil, or a synthetic
hydr ocar bon or non-hydrocarbon oil of lubricating viscosity. The base oi
can also be a mxture of mneral and synthetic oils. Mst preferred is a
Goup | base oil. 12 Additionally, other additives well known in

| ubricating oil conpositions may be added to the additive conposition of
the present i Len Conpl et e finished .oil. 5 O her Additives The
fol lowi ng add TRy aifercitingsSvd e ' §bridato i compostRBs A Be ¢ hat
can be favor abitiyd esnHeoaikive'cdrhigostiies Bnthel presskt inlentidiPRcdipierd §s of
additives are provided to illustrate the present invention, but they are
not 10 intendBghedoflinit it: 1. Metal Detergents Sul furized or unsul furized
al kyl or al kenyl phenates, alkyl or al kenyl aromatic sulfonates, borated
sul fonates, sulfurized or unsulfurized netal salts of nulti-hydroxy alkyl
or al kenyd afdnatAddithagpounds, al kyl 15 or al kenyl hydroxy aromatic

sul fonates, sulfurized or unsul furized al kyl or al kenyl naphthenates,
metal salts of al kanoic acids, netal salts of an al kyl or al kenyl

multiacid, a i d ' L Xt Anti - X dants 20
At - oxt dant an e SaLMR padfite EOKRORE ek eIk B 88 oo SPbPOREE

servi ce whi cthalleanbiedaetrably érspleyed émtiedpregentiaventishlcThess egarngrisicin -~ such
as sludge and .gr ni sh-1i ke e{'gi]ml#s on the nmetal surfaces and by an

i ncrease in @g‘i' SR pr@%'&ﬁal raig ihe_Rygpeniinentiay. but fheviare Nngdr esent

i nventi op i Ntsifad BYimigsi-e not limted to, phenol type (phenolic) 25

xi dation inhibitors, such as 4,4'-nmethylene-bis(2,6-di-tert-butyl phenol),

1. Metal Detergents
Sulfurized or unsuifurized alkyl or alkenyl phenates, alky! or alkenyt
aromatic sulfonates, borated suifon'ates, sulfurized or unsulfurized
metal salts of multi-hydroxy alkyl or alkeny! aromatic compounds, alkyl
15 or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl
or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an

alkyl or alkenyl multiacid, and chemical and physical mixtures thereof.

2.  Anti-Oxidants
20 Anti-oxidants reduce the tendency of mineral oils to deteriorate in
C service which deterioration is evidenced by the products of oxidation
such as sludge and varnish-like deposits on the metal surfaces and by
an increase in viscosity. Examples of anti-oxidants useful in the
present invention include, but are not limited to, phenol type (phenolic)
25 oxidation inhibitors, such as 4,4"-methyiene-bis(2,6-di-tert-butylphenol),
4,4"-bis(2,6-di-tert-butylphenotl), *but,4"-bis(2-methyl-6-tert-butylphenol),
2,2"-methylene-bis(4-methyl-6-tert-butylphenol),
4.,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4"-isopropylidene-bis(2,6-di-tert-butylphenol), 2,2-methylene-bis(4-
30 methyl-6-nonylphenol), 2,2"-isobutylidene-bis(4,6-dimethylphenal),
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-

13



4, 4" -bis(2,6-di-tert-butyl phenol),

*but, 4' - bi s(2-net hyl - 6-tent-butyl phenol ),

2,2 -net hyl ene-bi s(4-nmethyl -6-tert-butyl phenol),

4, 4" -butylidene-bis(3-nmethyl-6-tert-butyl phenol),

4, 4" -isopropylidene-bis(2,6-di-tert-butyl phenol), 2,2'-nethylene-bis(4 30
net hyl - 6- nonyl phenol ), 2,2 -isobutylidene bi s(4, 6-di net hyl phenol ),

2,2 -5-nethyl ene b| nmet hy cIoh Iphenol) 2. 6-di- tert butyl -4- 13
net hyl phenol , 2, GWMQ?Q"%LA9 gihyiph eﬁohzﬁﬁﬁ‘ﬂfl yi-G=tedrhutyut v -

phenol , 2, 6-di 'teﬁlﬁeﬂcl% Wiﬂ%@'@ﬂﬂ@ﬂ'@/b&ﬁ?@% cr% F 8 tert&"bﬁ yP N -

di nmet hyI ami nonet hyl phenol), 4,4'"- phenol ), .
2, 2' -t hi obi s(4- rredfm&thﬂan‘mame’lhwwwnehoﬂﬁ-ﬂtwbn(s&—nethy;%—t@rﬂqlwhytpmnﬁ});ert 5

L0 but vl benzy ) o e o Ber e Reb e RS i o,
al kyl at edg di phenﬂ@Jﬁut}%er@yﬁfﬁdlﬁdemaﬁﬂ%ts(@a&lm—ﬁﬂ @u%ﬂ@ahy@ﬂ%ybengylt)or }

al kyl at ed- . al pha. - napht hyl arine. O h ypes of oxidation i'nhi
include netal di tlambl@aw@anae-éyqeeogdatuzm m!sutdtomimuad—ebdumaaee) notlirditad to,

15- et hyl-enebi s(d rbangt e Ant r. Agent,s As their

name i nplies, theélgﬂés%ﬂ‘# @R‘?@%@ %ﬁ'ar'fﬁ'\ﬂ h@ﬁﬁ"ﬂl"@ aB rts. Exanpl es
of such agents i ngtkydtad- J@uﬁhaarr@phmwémmet aOtHePt pb%cﬁfwmwnqﬁmtﬂawar nat es,
esters, .and nol ybdenum c tgiEdexe . Rust I nhi b| tors (Anti-Rust Agents) a)

Noni oni ¢ pol yoxyefR{iderae m@@araamate (ageming dithipgarpmatg), @nd | auryl
et her, pﬂ]yoxyet hyg m{’ﬂéﬁgﬁé(ﬂ'ﬁ%ﬁhﬁ%&%&fﬁg' yoxyet hyl ene 20 nonyl

henyl pol yoxye ene pol yoxyet hyl ene octyl

stearyl ether, polyoxyethylene ol eyl ether, polyoxyethylene sor bit ol
nonost ear at e, pol yox thylene sor bi tol nDno-oIeate, and pol yet hyl ene
‘gl ycol nono- %1ea1én ear Agents

As their name implies, these agents reduce wear of moving metallic
parts. Examples of such agents include, but are not limited to,

15 phosphates, carbarnates, esters, and molybdenum complexes.

4. Rust Inhibitors (Anti-Rust Agents)
a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
20 ‘ nonyl phenyl ether, polyoxyethylene octyl phenyl ether, |
' polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
{:/f polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
mono-oleate, and polyethylene glycol mono-oleate.
b) Other compounds: stearic acid and other fatty acids, dicarboxylic
25 acids, metal soaps, fatty acid amine salts, metal salts of heavy
| sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester.

5. Demulsifiers

30 Addition product of alkylphenol and ethylene oxide, polyoxyethylene
' ' alkyl ether, and polyoxyethylene sorbitan ester.-
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b) O her conpounds: stearic acid and other fatty acids, dicarboxylic 25
acids, netal soaps, fatty acid amne salts, netal salts of heavy sulfonic
acid, partial carboxylic acid ester of polyhydric al cohol, and phosphoric
ester. 5. Demulsifiers 30 Addition product of alkylphenol and ethyl ene

oxi de, pol yoxyethylene alkyl ether, and pol yoxyet hyl ene sorbitan ester. 14
6. Extrene Pressure Anti-War Agents (EP/ AW Agents) Zinc

di al ky- 1-di t hi ophosphate (primary al kyl, secondary al kyl, and aryl type),
di phenyl sul Bi de,'EPfE'elfWel Prespure Anfi-Wérarigents (ERHWIrAgentted napht hal ene,

fl | kyl pol ysi I -napht henag e, neutralized 5 phosphates,
R L et e Y
al cohol, fatty acty(rbe?],empm@yl baliak eelHll Bich 1BHMEa PRLSERIorinAfBR Phat es,

phosphi tes and phosphonates. 10 8. Mil'tifunctional Additives Sul furized
oxymol ybdenum di t ReBAleageativorogiyipelysiewane tgath ngpltbrnateo ngatralized

phosphor agi t hi oat %@% ride.  oxynmol ybdenum di et hyl ate
am de, acrﬁjne- nol y@&% um @g%ﬁg&xp Iﬁ%%%g%]#d:,gu'g‘ﬁir%%P%%?Ql{agﬁ?'ai ning -
nol ybdenum conpl ex conpound. 9. Viscosity Index |Inprovers Polynethacryl ate

type polyners, ethylene-propyl ene copolyners, 20 styrene-isoprene
copol yners, ﬁydra?é?f’%'\ﬁpgﬁé 9 soprene copol yners, pol yi sobutyl ene, and

di spersant type Vig@PaichHol, P adid@PiANE' Boratdd e BRI othRF BteREPT €SSant s
phosphates, phosphites and phosphonates.
10 | '
(% 8. Multifunctional Additives
- Sulfurized oxymolybdenum dithiocarbamate, sulfurized
oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum
15 complex compound, and suifur-containing molybdenum complex
compound.

9. Viscosity Index Improvers
~ Polymethacrylate type polymers, ethylene-propylene copolymers,
20 styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

polyisobutylene, and dispersant type viscosity index improvers.

10.  Pour Point Depressants
Polymethyl methacrylate.
25
11.  Foam Inhibitors

Alkyl methacrylate polymers and dimethy! silicone polymers.
12. Metal Deactivators

30 Disalicylidene propylenediamine, triazole derivatives,

mercaptobenzothiazoles, and mercaptobenzimidazoles.
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Pol ymet hyl nethacrylate. 25 11. Foam I nhibitors A kyl nethacrylate
polymers and di methyl silicone polymers. 12. Metal Deactivators 30

Di salicylidene propyl enediam ne, triazole derivatives, _

ner capt obenzot hi azol es, and nercapt obenzi m dazol es. 15 13. Dispersants

Al kenyl succini m des, al kenyl succinimdes nodified with other organic
conmpounds, al kenyl succinimdes nodified by post-treatment with ethylene
car bonat e or1§or [ @is?é}éia‘ gent aerythritols, phenate-salicylates 5 and their
post-treated anal 00§, arﬁ i metal or mixed alkali metal, alkaline earth
netal borates, diAlkengluesinirhidesdakband sudetimide mbdifibanatesthed i§! ons
of al kaline-earth netal borates, polyam de ashless dispersants and the
like or m xtures SAMBRISIpksavksugcnimidesmoriieddiy pestireptment withe Package

) O : G 0l g f
Conpanent s at el vy EREREdat br BORBBES Rt il diherdpe BEitiaee o
about 10@F: (a) asndtigpampastdrdated asalogsa) akabnetalremixed elcn Berddi ti ve,

such 15 as a mxtpre of di-t-butyl tri-, tetra-, and penta-sulfide; (b) an
ani no phosphor us %lgﬂlﬁlﬁl?@%" atel borates. dispaesiens of Rishateshalkali matgl an al ky!

or al kenyl succipy Wel=% _ -adi X _

di mer capt gt hi adi a%rﬁg@g@% (t,ér#g%sf ?/{]Q%( %@qea?ﬁ@{? ngérj[ba (E'Jg%ﬁ’ iléf}%ﬁtﬁ?casgmﬁ?drl de
is tetrapropenyldispersanisarahimgdikiode mixtuses vf sothutispglsasits.ci ni ¢ anhydri de
wherein 20 the al kenyl group has a nunber average nol ecul ar weight from
about 160 to about 700. A particularly preferred pol yi sobut enyl group has
a nunber{p aviglegR cFMsKIHG AddiRlePUcleleabout 550 derived froma 550

{rql ecul ar wer ght _

The gear oil additive package is prepared by mixing the following four
components at elevated temperatures of about 50°F to 150°F, for example at
about 100°F: (a) an organic sulfur-containing extreme pressure additive, such
15 as a mixture of di-t-butyl tri-, tetra-, and penta-sulfide; (b} an amino
phosphorus compound, such as an amine dithiophosphate; (c) an alkyi or
alkenyl succinic anhydride; and (d) a thiadiazole, such as
dimercaptothiadiazole. Preferably, the alkyl or alkenyl succinic anhydride is
tetrapropenyl succinic anhydride or polyisobutenyl succinic anhydride wherein
20 the alkenyl group has a number average molecular weight from about 160 to
about 700. A particularly preferred polyisobutenyl group has a number
( . average molecular weight of about 550 derived from a 550 molecular weight
polyisobutene that may be obtained from BASF in Ludwigshafen, Germany
under the trade name Glissopal 550. Preferably, from about 30 wi% to about
25 70 wt% sulfur-containing EP additive is used in the mixture. More preferably,
from about 35 wt% to about 65 wt% suifur-containing EP additive is used in
the mixture. Most preferably, from about 40 wt% to about 50 wt% sulfur-
containing EP additive is used in the mixture. Preferably; from about 10 wit%
to about 60 wt% amino phosphorus compound is added to the mixture. More
30  preferably, from about 15 wi% to about 55 wt% amino phosphorus compound
is added to the mixture. Most preferably, from about 20 to 50 wt% amino
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pol yi sobut ene that may be obtained from BASF in Ludw gshafen, Germany
under the trade nane dissopal 550. Preferably, from about 30 wt%to about
25 70 mt % sul fur-containing EP additive is used in the m xture. Mre
preferably, fromabout 35 wt%to about 65 w % sul fur-contai ning EP
additive is used in the mixture. Mdst preferably, from about 40 wt%to
about 50 wt % sul fur containing EP additive is used in the m xture.

Preferably, from.about 10 wt %, to about 60 wt % ani no phosphorus conmpound is
added to %/hep SRNATES cRRPOULd '%ﬁ@?’%‘ﬂgbmﬁ MR, a&ﬁ@mragw trp%@@l&bout 55 Wt %

h her o t r , from
:[)noz'? IC2)00tS g goymﬁqg%gﬁgg%%m osp ?@Jﬁkét@ﬁﬁ%ﬁﬁfé@?h{%{%@% Is{)%&@%dé nmXture.
Preferably, mixdnreabblore grﬁem_t% ﬁmnalabout 8% u@ﬂd@ﬁf&uﬂnt%ﬂwﬂ,kﬁmﬂt lgugc\l,v?:yct ]
hydri d dded to. the Xjure. refera rom abou ()
Shont 55wt oA lENE surimic EniuyArite s gl Be By Mes! reloraby. fom e
mixture. bsebsie] ARbEDLE 0WRPERYE orlalkb )l sAcBRR UNRAIIE 18 Hﬁéé@rom About

al kenyl succinic anhydride is ad m xture
0.5 Wt % to abhwunixtareaBeeferablyi frenl aboutdud wtstoaabont - 15I\dxl3% trpad:lmzaieboxyl ate

moxture.  Nor ST 8 B RS G a5 moRSGSETIRG 24T dBRTEePl LA s o

non- al kyl - pothiadiasts yisaideletb @he nfQiFa| Mdi'@ pt&ferably, 1 wit% to about 10 wt]/
2, 5-di rrercapto 1,3,4-thiadi azole, is added to the m xture. Mst preferably,

from about 2thidiazale assit asa wonsalkylaolyceshexylateghoiaty- eon:tanmmg kyI

Dadea 1 ne oS s da SeRUGS bl MPSTRABR BB A1 o

rocess for ﬂ‘a:kiartgntttizammmab@dt@uﬁt%rtﬁmduéﬁﬁetdﬂ@h%déhbﬁ%lm the addi tive
package described above to an oil of |ubricati nghw scosity.” 20 A second

process for RelNFaGoxvat & neledysanigining i Sdimergap %3b4-§'haﬁilﬁ30|&, isaadded
package. Thep@ssnRafkage is prepared by mxing the sul fur-containing EP

15  The Finished Oil of the Present Invention

A first process for making the finished oil requires the addition of the additive
package described above to an oil of lubricating viscosity.

20 A second process for making the finished oil first requires blending a base
package. The base package is prepared by mixing the sulfur-containing EP
additive, such as a mixture of di-t-butyl tri-, tetra-, and penta-sulfide, with the

- amino phosphorus compound at elevated temperatures of about 50°F to
150°F, such as 100°F, until the mixture is homogenous. Preferably, from

25  about 35 wit% to about 80 wt% sulfur-containing EP additive is used in the

~ base package. More preferably, from about 40 wt% to about 75 wt% sulfur-
containing EP additive is used in the base package. Most preferably, from
about 45 wt% to about 70 wt% sulfur-containing EP additive is used in the
base package. Preferably, from about 20 wt% to about 65 wit% amino

30 phosphorus compound is used in the base package. More preferably, from
about 25 wi% to about 60 wt% amino phosphorus compound is used in the
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additive, such as a mxture of di-t-butyl tri-, tetra-, and penta-sulfide,
w th the am no phosphorus conpound at el evated tenperatures of about 50F
to 150F, such as 100F, until the m xture is honogenous. Preferably, from
25 ‘about 35 wt % to about 80 w % sul fur-containing EP additive is used in
the base package. More preferably, fromabout 40 wt%to about 75 wt %

sul fur- containing EP additive is used in the base package. Mbst

preferably, from about 45 wt9%to abput 70 w % syl fur.co i ning EP

i ¢ ve 1o Bagtpaft Bﬁ%%’e%%{ékﬁgﬁ?"tﬁ%%ﬁé’ o tg ABA ORI ¢ o
about '65 W YpREEpIOrGS coMPBORISIGsSPIPALMASkDAkEge] N the base package. More
preferably, ?rom about 25 wt % to about 60 % am no phosphorus conpound is

used in the 17 base package. Mst preferably, from about 30 Wt % to about

55 wt % am o/ i n.t he . base package.. Preferably,
oo o "o BBEL A SBBUES ok o B QI8 RGBSR RELA IS
bl end of § hettel bleadiefithe finishé 6il.oMRFE bAdTebably, TR abBut 2 ¥ R doabout 4 wt %

of the base package is used in the blend of the finished oil. Mst _
pref erabl‘y, W‘G%ﬁ %fﬁbgfba@e\ma;zk@gegﬁgmdmthp%md ohibetfinishodaaik ddest s used in

the bl end of the tijn Lyl I I l,..succinic anhydride is
added to th% prg%%(E%Hﬁgts’@hpza‘e%g@.alﬁél’lgg(&.‘{jg‘b‘?@%t eéﬁ? PI%° g%imll

succi nic 10 tetbleind detheslinishacapit.opamiltyl sralkenyicsLrichhBRirle iBalddesaBut eny!
.succinic ~.", anh dr(i’%e wherein the al kyl or al kenyl group has a nunber

aver age nol et RPP2LRE Rave Rackaoap Sreferddytbeadiador allenyhsesinigef erred, the
Do obiai ed T DA D oL SR Rt B Sh ™Y om Base
L Ludwi gshadriydrit vaeeredmiheuaiidd or atkenyt grdepimse Glinbeppedragslnocafsr abl y,
| s added 1o vREn! id bR Atac Aok o) chiraprofemerohenaueobeDyLgRPo
Sgglﬁ;ggﬁ 7~K’/b \SN{\% 8hunitlde WveRigeAbRidular Wigh S 5A%F Y bd Sotafiackdp 4 he base
550 molecular weight polyisobutene available from BASF in Ludwigshafen,
15 Germany under the trade name Glissopal 550. Preferably, from about
0.01 wt% to about 1.20 wt% alkyl or alkenyl succinic anhydride is added to the
base package. More preferably, from about 0.10 wit% to about 0.75 wt% of
alkyl or alkenyl succinic anhydride is added to the base package. Most
preferably, from about 0.25 wt% to about 0.60 wt% alkyl or alkenyl succinic
20  anhydride is added to the base package. ‘A thiadiazole, such as a non-alkyl-
polycarboxylate moiety-containing 2,5-dimercapto-1,3,4-thiadiazole, is also
‘ C © added to the mixture, Préferably, from about 0.02 wt% to about 0.25 wt%
‘ - thiadiazole is added to the mixture. More preferably, from about 0.05 wt% to
about 0.20 wt% thiadiazole, such as a non-alkyl-polycarboxylate moiety-
25  containing 2,5-dimercapto-1,3,4-thiadiazole, is added to the mixture. Most
preferably, from about 0.1 wt% to about 0.18 wt% thiadiazole, such as a
non-alkyl-polycarboxylate moiety-containing 2,5-dimercapto-1,3,4-thiadiazole,
is added to the mixture. To complete the finished oil, at least one base oil is
added to the mixture which comprises the base package, alkyl or alkenyl
30  succinic anhydride, and thiadiazole, such as a non-alkyl-polycarboxylate

moiety-containing 2,5-dimercapto-1,3,4-thiadiazole. Preferably, two fypes of
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preferably, from about 0.25 wt%to about 0.60 w % al kyl or al kenyl succinic
20 anhydride is added to the base package. A thiadiazole, such as a

non- al kyl - pol ycar boxyl at e noi et y-cont ai ni ng

2, 5-di nercapto-1, 3,4-thiadiazole, is also added to the m xture.

Preferably, fromabout 0.02 wt% to about 0.25 wt% thiadiazole is added to
the m xture. Mre preferably, fromabout 0.05 wt%to about 0.20 wt%

Ll B A SR U BB e
preferably, -ﬁﬁ)&mé‘#é%?xeg-a%el@iv%éooteﬂﬁ%%%tnlﬁﬁégf B6 3Gt EY-RYL PR, pritSianis 2

non- al kyl - pol ycar boxyl at e noi ety-cont a

2, 5- di mer capaeut, )°k-toHiBAYHT ,deoeramplest 50fife dntildt istomagdnoue. Afterconpl ete the
finished oil e%tt I asb one base oil is aﬂ%eid %f? the m xture which

conpri ses t hB é{kge?'b% RIggenays mixtyre is qualiated forGoppen Ferasinp dacedingnd

thi adi azd e, t(ﬁNSTﬂl\/ﬁ@-’@m@&ﬁdo%ébuﬁw ycar boxyl ate noi ety-contai ning

2,5-di mercapto-1, 3,4-thi adi azole. Preferably, tw types of 18 base oil
(i.e., 150 bright stock and solvent refined 600N oil) are added. The

mxture i s mixad ateE aked, t emper at ures of about 50F to 200F, preferably
about 70F to :"ir!' —v!l'. e Pros ve

v AP e—F50r, —urtt | it is hombgenous. After

heating, the honogenous m xture is evaluated for copper corrosion according
5 to ASTM D-130 test procedure. Method of Use of the Present Invention The
present i nveht$ BFPsest ivegtienisisaddesiecrerse theremtosivessss of gganpilei | s 10

ds el | ' i ssjons. Specjfically, th
&tﬂ’a carithy BURE: Golfou? hietal brechithy R Mol BT SR0S, SoerlEalitEe! 1Y ax oo
and transnilabiicating ol oftto preserniniition @ohebis MetArdopshcten®s it ARl

conponents. Addi ti onal lé’ the lubricating oil conposition my be used to
top treat a¥ATBIMISERES t@Lefuseiwearande;redupe epupsivsof tenmatabri cating oi |

comPost {1 on Aimendis BUARBRAY, e ey BB baRBR AL Re AR 6B, 0,
t he -1 ubri cattrea} avi il thiat ekkibits corrosive properties. The lubricating oil composition
15 of the present invention typically contains about 0.6 to 6.6 wt% of the gear oil
additive package of the present invention. Preferably, the lubricating oil of the
present invention contains about 2.1 to 4.8 wt% of the gear oil additive
package of the present invention. Most preferred, the lubricating oil of the
present invention contains about 2.6 to 4.2 wt% of the gear oi! additive
20  package of the present invention. The gear oil additive composition will
optionally contain sufﬁcien_t inorganic liquid diluent to make it easy to handle
( during shipping and storage. Typically, the gear oil additive composition will
contain from about 0.0 to 20.0% of the organic liquid diluent and preferably
about 3.0 to 15.0 wt%. Suitable organic diluents which can be used include
25  for example, solvent refined 100N (i.e., Cit-con 100N), and hydrotreated 100N
(i.e., Chevron 100N), and the like. The organic diluent preferably has a
viscosity of about 10 to 20 ¢St at 100°C.
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present invention contains about 2.1 to 4.8 w% of the gear oil additive
package of the present invention. Mst preferred, the lubricating oil of
the present invention contains about 2.6 to 4.2 w% of the gear oil
additive 20 package of the present invention. The gear oil additive

conposition will optionally contain sufficient inorganic liquid diluent to
make it easy to handle during shipping and storage. Typically, the gear
oil additive conposition will contain fromabout 0.0 to 20.0% of the

organi ¢ |i quifieriermanes Tastingr ef erably about 3.0 to 15.0 wt% Suitable
organi c drluents whi ch can be used include 25 for exanple sol vent refined
100N (i.e., Cit-con 100N), and hydrotreated 100N (i.e., Chevron 100N), and

t he Iike - ThF herigiariatindigeueodl compbeitiahlof thapredeny inveatbi ty;fkfa:@tméétslo to 20
cSt at 100C Aﬁ_ﬁﬁrfor mance Testing The | ubricating ear Oi I Conposition of

t he present &30 teppiregnanys as peg of Ay PbGIab inepae etiterids part of

t he API i t he t est

t hat was deve gf @ﬁgsa@a?@%ta Hgthes égg‘ﬂ\glt&a]soc?evgﬁ@e% rggg't;ﬁ“rs? in the
presence of staiqﬂey ofihe lelgatingalillintise presence of xbgpér Aid @cﬁ}m@ralmé f(|Q§| on).
Usi ng ASTM DlBOtgfcc? er Corr.os neasured on a scale of 1'to 4,

wherein a reSgien Heéﬁpgggﬁpgogﬂngrﬁﬁ{%laﬂ@ﬁ COPRETLAESNN iSof 4
represents ceaRlrddn 43cam ol £Rindibira RN Rltfeséhtd UMMBHISR'

result of 4 fails the ASTM D-130 t ereas nunerical Tes
2 or 3 pass ahd aAsIut of 4 Bépresaits ciipeetcdnmsmmi Rgr 4fkGloblevaludtivasps esent

aST D 10+ BtecereRBP Rt RS As i a0t Whetimime e ebgin et o
pecific e”bq)dJZ@?Btp%sthheABW Dﬂvm‘Eés@nTﬁB%rﬁfrc%uﬁgnggPoﬁ%ffr?é‘ﬁrés%ﬁfi in any

way as Irmtrng the scope of the invention
invention results in copper corrosion less than or equal to 2, passing the

ASTM D-130 test.

15 The following examples are presented to illustrate specific embodiments of
this invention and are not to be construed in any way as limiting the scope of
the invention.

EXAMPLES
20

. Example 1
( Preparation of the Base Package
To a 2 L beaker, 631.58 grams of dialkyl polysulfide, a mixture of di-t-butyl tri-, |
tetra-, and penta-sulfide, TBPS 454 from Chevron Phillips Chemical
25  Company, was mixed with 368.42 grams of an amine dithiophosphate, as
described in Salentine, U.S. Patent No. 4,575,431, at 100°F until the mixture
was homogenous.

Example 2
30 Toa 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.25 wt% (1.25 grams) of tetrapropenyl succinic anhydride (total molecular
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20 Exanple | Preparation of the Base Package To a 2 L beaker, 631.58 grans
of dial kyl polysulfide, a mxture of di-t-butyl tri-, tetra-, and

pent a-sul fi de, TBPS 454 from Chevron Phillips Chemical 25 Conpany, was

m xed with 368.42 grans of an am ne. dithi ophosphate, as described in

Sal entine, U S. Patent No. 4,575,431, at 100F until the m xture was
honogenous. Exanple 2 30 To a 1 L beaker, 2. 85 wt % 14. 25 grans) of the base

k f I %(1.25 t I
package of EB S5b 0, PaRvily ta S M e et SR AR L ©
Hi t 431 576t
2I 5€§|( :rzer capta%m[rgﬁ%h??}l?ta%%?g e, éroa%ﬂf\tl%%@99@&8%%3@0@60 150 bri ght
stock, and- 8(BUTH aramsuOitg® 5 brighh stoek cmd SDA0 ML, @mgyamey Exxorxed at
150F I h o beak 2.85
w5 (14, 25 PR e il nd BIRAERE S s rung) B mbre WaS BomipopuSs g7 ams)

of tetrapgopenyl succinic anhydride (total nolecular weight 266), 0.15 wt %
(0.75 grans) of Lubrizol (r) 5955A which is a thiadiazole 10. containing.
about 4 wt % 2, 5-di nercapto-1, 3, 4- thi@ﬁm@_&é 16. 35 wt%CL (81.75 granms)

Citgo, 10 br vgly1 plaker 0k BRGIGAUSHLARS PO SHA0PL BaRor 00N (pose |
second base oaémm(ms g@:ﬂmsﬁbﬂét@prdwnypy@ccm'f@aﬁhftﬂ%@%{oﬁ@ﬁkﬂécwéﬁ 75 Wt %

46. 75 f | | fid t t
E etra-, ) gﬁgm@%hagﬁé ﬂy b%wt%ﬁsﬂ%&éw?n&)gﬁfage%érﬁw whigh is a thladrlalizole

10.  containing about 4 wi% 2,5-dimercapto-1,3,4-thiadiazole, 16.35 wt%
( (81.75 grams) Citgo 150 bright stock, and 80.40 wt% (402.00 grams) Exxon
600 N (base oil) were mixed at 150°F until the mixture was homogenous.

Example 4
15 A second base package was prepared as follows:

To a 400 mL beaker, 46.75 wt% (46.75) grams of dialkyl polysulfide, a mixture
- of di-t-butyl tri-, tetra-, and penta-sulfide, TBPS 454 from Chevron Phillips
Chemical Company, 27.27 wt% (27.27 grams) of amine dithiophospate, as
described in Salentine, U.S. Patent No. 4,575,431, 3.90 wt% (3.90 grams) of
20  Hitec® 4313 which is a thiadiazole containing about 4 wit% 2,5-dimercapto-
) 1,3 4-thiadiazole, 15.58 wt% (15.58 grams) of polyisobutenyl (PIB) succinic
( “anhydride (PIB molecular weight 550), and 6.50 wi% {6.50 grams) of Exxon

100 N (base oil) were mixed at 100°F until the mixture was homogenous.

25 Toa 600 mL beaker, 3.85 wt% (7.70 grams) of the second base package as
described above, 15.00 wi% (30.00 grams) of Citgo 150 bright stock (base oil)
and 81.15 wit% (162.30 grams) of Exxon 600 N (base oil) were mixed at
130°F until the mixture was homogenous. | |
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Chem cal Conpany, 27.27 wt% (27.27 grans) of am ne dithiophospate, as
described in Salentine, U S. Patent No. 4,575,431, 3.90 wt% (3.90 grans) of
20 Hitec(r) 4313 which is a thiadiazole containing about 4 w%

2,5-di nmercapto- 1,3, 4-thiadiazole, 15.58 wt % (15.58 grans) of

pol yi sobutenyl (PIB) succinic anhydride (PlIB nolecular weight 550), and
6.50 wt % (6.50 granms) of Exxon 100 N (base oil) were m xed at 100F until
the m xture was honogenous. 25 To a GBO ni bgaker, 3.85 wt% (7.70 grams) of
t he second base package as descri bed—é%@?@—lS.OO wt % (30. 00 grams) of

G tgo 150 br iTghd 141 bedkerPA8E vl |14. 26 draths 116 the Yakd GRckg8 bR ERhnfle FXxoN

m xed at 130F until the m xture was honbgenous. 21

600 N (base %ieéal vgt/arg ( 1L )

Exanmple 5 To wiVe{dlegrams) 9f palyssobutens (RIB sugcivic anhydridedPRckage of

Ex le 1, Youbi i t . B) i, Ri C.
annydr i de_ ( PISColpENeRne 9501, BT whh, (B0 GaRisf TYbyedl o Bl 2o (1)
29253\. whi &h 'tntm'adiagcslemcmgﬁaigmglamwonwwgmgolwswmm/ (%;())té(—)%’@%—thiadiaési{a, 150 bri aht
, 5- di mer capt,q- A-thiadi azol e, .00 wt % : r ans 0 ri
st ock, and 268@‘0&’@6(%&@ .9(56”@5 §ﬂ¥a§>]1é>@>&ﬂ9f%§t9ql@, @B@é@-‘lﬂ W;%werg ni xed atg
150F until t i eH® ; : 2. 85
wt % ( li?l I25 gp?nzg?ggﬁrtﬁﬁ)e&%?se pagﬁ@ggégfﬁ%ﬁg&m@ﬁ%{?ﬁ%&ﬂﬁl!%"%)gﬁ)@gl:%r ans)
of pol yi sobuwasyioni@gaousucci ni ¢ anhydride (PIB nol ecul ar wei ght 550),

0.15 wt% (0.75 grans) of Hitec(r) 4313 which is a thiadiazole containing
about 4 wt % 2, 5-di nercapto-1, 3,4-thi adi azol e, 15 16.00 wt % (80. 00 grans)

G tgo 15pbright stock, and 80.40 wt %{4{Q8d 9rans) Exxon 600 N (base oil)
&qre m xed at 150F until the mxture "Vversﬁm)'r‘rogenous. COVPARATI VE EXAMPLES

- Toa1 L'beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,
0.60 wt% (3.00 grams) of polyisobuteny! (PIB) succinic anhydride (PIB
molecular weight 550), 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,
15 16.00 wi% (80.00 grams) Citgo 150 bright stock, and 80.40 wi%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous. '

COMPARATIVE EXAMPLES
20  Comparative Examples A-S contain at least one of the following variants:
2300 molecular weight polyisobutenyl succinic anhydrides (PIBSA); no
(: . thiadiazole and/or no PIBSA; more than 0.25 wt% thiadizole and no PIBSA:;
no amine dithiophosphate and 1000 molecular weight PIBSA.

25 Example A
To a1 L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.60 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (P1B
- molecular weight 2300), 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
. thiadiazole containing about 4 wi% 2,5-dimercapto-1,3,4-thiadiazole,
30 16.00 wi% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
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20 Conparative Exanples A-S contain at |east one of the foll ow ng variants:
2300 nol ecul ar wei ght pol yi sobut enyl succinic anhydrides (PIBSA); no (1
t hi adi azol e and/or no PIBSA; nore than 0.25 w %t hi adi zol'e and no Pl BSA;
no am ne dithi ophosphate and 1000 nol ecul ar wei ght PIBSA. 25 Exanple A To a
| L beaker, 2.85 wt% (14.25 grans) of the base package of Exanple 1, 0.60
wt % (3. 00 grans) of polyisobutenyl (PIB) succinic anhydride (PIB nolecul ar

i ght 2300 9 f t 3
thi adi azol o, SR AT aESEER0R PEIbaS ol WER st S i rSmintre 50
16. 00 W % ( 8@a8hopiaysampusl t go 150 bright stock, and 80.40 wt% 22 (402.00

grans) Exxon 600 N (base oil) were m xed at 150F until the m xture was
honogenous. Exanple B 5 To a | L beaker, 2.85 wt% (14.25 grans) of the base

package of Exanple 1, 0.60 wt % (3. %ﬁ@%of pol yi sobut enyl (Pl B)
succi ni ¢ anhydri de (PI B nol ecul ar 0), 0.15 wt% (0. 75 grans) of

Lubri zol (&) 15@51516\Lmakbr 283wt (it AdiSagrales) ef tebase pa OFEM&ﬁl)SO "bri ght
amst 0 rig

2, 5-di merca i adi 16. 00 wt % (80. 0Q gr

stock, and g@%ﬁ’ g@ég g)ZQgCPcﬁY'é%L)teEX&@’rﬂéBWWW@ﬁ@&dmﬁl’f Were nixed at

150F until t 2.85
W% (14, 25 J?“S’k%?“"%#‘”‘?%“% 03 WIENETS ek qubnizbio 3e55 I %a. oo

grams) Ci tgothimﬂaMeghntagtlmg:hbomm% Z,5-duln%((a¢ﬂ6-17(§4gh@nﬁézo&gxon 600 N
base oi l 150F was genous. Exanple D

(A third bés %ﬁ@k’ﬁﬁ&@o %wgr'%hﬁtoc'fcﬁ@ 40. ﬂow@a(ker 57. 14rr\1/)w %

10  (402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
C was homogenous.

Example C
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

15 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 81.15 wt%
(405.75 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture

was homaogenous.

Example D
A third base package was prepared as follows: To a 1L beaker, 57.14 wt%

20  (285.72 grams) of dialkyl polysulfide, a mixture of di-t-butyl tri-, tetra-, and
) penta-sulfide, TBPS 454 from Chevron Phillips Chemical Company,
33.33 wit% (166.66 grams) of amine dithiophosphate, as described in
Salentine, U.S. Patent No. 4,575,431, and 9.53 wt% (47.62 grams) of Hitec®
4313, which s a thiadiazole containing about 4 wt% 2,5-dimercapto-1,3 4-
25 thiadiazole, were mixed at 100°F uniil the mixture was homogenous.

‘To a 5-gallon stainless steel vessel, 3.15 wt% (378.0 grams) of the third base

package as described above, 12.80 wt % (1,536.0 grams) of Citgo 150 bright

stock (base oil), and 84.05 wi% (10,086.0 grams) of Exxon 600 N (base oil)
30 - were mixed at 130°F until the mixture was homogenous. |
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20 (285.72 grans) of dial kyl polysulfide, a mxture of di-t-butyl tri-
tetra-, and C,i penta-sulfide, TBPS 454 from Chevron Phillips Chem cal
Conmpany, 33.33 Wm % (166.66 grans) of am ne dithi ophosphate, as described in
Sal entine, U S. Patent No. 4,575,431, and 9:53 wt % (47.62 grans) of
Hitec(r) 4313, which is a.thiadiazol e containing about 4 wt %
2,5-dinmercapto-1,3,4 25 thiadiazole, were m xed at 100F until the m xture
was honogenous. To a 5-gallon stainl Ezs steg! vessel, 3.15 wt% (378.0
grans) of the third base package as d above, 12.80 wt % (1,536.0

gram) of CIASSEabs bablagoSkae brdfies agitblowsitl FRESELp, 036, 0

grans) of Exxon 600 N ( base oi | were m xed at 130F until the mixture

was honpgendts69 E@Vﬁﬁrﬁﬂ grams) Gf@l!ﬁllkﬂ Hedyesalfjshe; leayixtuneof gli-tpatd drias f ol | ows:

mxture of dre EEyentaRtint; YBPG 854 AT Ehe Fooittigd Crbiliss £ om
Chevron Bhi |Chmppafiiess. salwt% (@awgﬁems%f%%%tﬁ%%hﬁépﬂé@waé d@%cﬁm@e

di t hi ophosphate, as describ in Sal enti ne, S. "Pat ent No. 75,431, and
8. 66 wt % ( 8.1l8&akentine) Un®. IP—ﬂitegt:NméﬁS A, @wdl&ﬁﬁwt% %ﬁ@grﬂrﬁsb@friﬂéem. ng

- about 4 wt% xed at F until the
m xt ure was %1%%’@%@%@%1%2%&9 886%@%%@%& “39"1%5\%' ams) of the

fourth base thiadicrgke, asere fixed @s ¢0DtRdntilthE enixflide %swtdhé cﬁ@ grarns) of

Citgo 150 bright stock (base o0il), and 84.05 wt % (168. 10 granms) of Exxon

600 N (base oil) were m xed at 130F until the m xture was hormgenous 15

Exanpl e T r ckage of
Exanpl e1? or@%lﬁ(]hjq§§%gge aprr‘éw poI I §10 u?gﬁﬁ/ O%h-tjlt%é succi fgcé%anhydrl de
(P Bk mol ec Ldescnm gbov&51®.83 M‘VoO(Q5VGGVgl(a&GB)Qﬁ cgrg@rmao ngmlt‘atdﬁﬂ(ﬂageg ht

it58|€ un? :’l ? I} d g\ﬁ 6%%9/5 16% ‘% Srarzis) ofx I':oxxon 600 N (gggee Olcl))l w?aremfnr:)?edmatxed al

130°F until the mixture was homogenous. -

15 Example F
To a 1 L. beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.6 wt% (3.00 grams) of polyisobutenyi (PIB) succinic anhydfide (PIB

-molecrular weight 550), 16.00 wt% (80.00 grams) Citgo 150 bright stock, and

81.15 wt% (405.75 grams) Exxon 600 N (base oil) were mixed at 150°F until
20  the mixture was homogenous.

(" 'Examgle G
' To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,
0.6 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
25  molecular weight 550), 0.10 wt% (0.50 grams) of Hitec® 4313, which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,
16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.45 wt%

(402.25 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
_ was homogenous.
- 30
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20 the m xture was honogenous. Exanple G To a | L beaker, 2.85 w % (14. 25
grans) of the base package of Exanple 1, 0.6 wt % (3.00 grans) of

pol yi sobutenyl (PIB) succinic anhydride (PIB 25 nol ecul ar wei ght 550), 0.10
w % (0.50 granms) of Hitec(r) 4313, which is a thiadiazole containing about
4 wt % 2, 5-di nercapto-1, 3,4-thi adi azole, 16.00 wt % (80.00 grams) G tgo 150
bright stock, and 80.45 wt % (402. 25 grans) Exxon 600 N (base oil) were

m xed at 150F until the m xture was EQQDH%‘I}QUS. 30 24 Exanple HTo a 1 L
beaker, 2.85 wt % (14.25 grans) of the=past—package of Exanmple 1, 0.15 wt%

i \ - Py pas b ioa
PTEREIR s bttty o et o S D e o A S AT
bright st ock,O-ﬁ'ﬁwf"é%Qé’@ Heons) 96 liteo®t3ewhich ioa Iaiadia}mo ebeardaining ib\elutek

' Il ) . ' . aker,
2. 85wt o0 { 14, 200 25 Herpaiolt B ARRadl a0 A8 ok 3B 0B drarr) Titg 10856 (3. 0o
grans) of 5 pobyighbstotierarid § ROBWiEOSNE grmy)dbida €00 B (baseé ofjware Wei ght
550), 0.15 w % (0. ns) ,0of Vanl ube 871 which is a thiadiazole
cont ai ni ng ZWXégﬁifﬁggtaWtﬁt@ ’ZI‘-"%HT%\‘L{% SMOeROHBg an al kyl

pol ycar boxyl ate noiety, 16.00 wt % (80.00 granms) Ctgo 150 bright stock, and

80. 40 Wt % (402. 00 grans) Exxon 600 N (base oil) were nixed at 150F unti |
15 the m xture was honobgenous. Exanpl Exdmpelb | L beaker, 2.85 wt % (14.25

O o R RO p B A oo U528 bR Al 1,
| _ 10 0.60 wit% (3.00 grams) of polyisobuteny! (PiB) succinic anhydride (PIB
(. | molecular weight 550), 0.15 wt% (0.75 grams) of Vanlube 871 which is a
| thiadiazole containing 2,5-dimercapto-1,3,4-thiadiazole having an alky!
polycarboxylate moiety, 16.00 wi% (80.00 grams) Citgo 150 bright stock, and
80.40 wt% (402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until
15 the mixture was homogenous.,

Example J
Toa 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.60 wt% (3.00 grams) of polyisobutenyt (PiB) succinic anhydride (PiB
20 molecular weight 550), 0.15 wt% (0.75 grams) of Mobilad C610 which is a
thiadiazole containing approximately 0.01 wt% 2,5-dimercapto-1,3,4-

(ﬁ thiadiazole, 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous.

25
Example K
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,
0.60 wt% (3.00 grams) of polyisobuteny!.(Pl B) succinic anhydride (PIB.
molecular weight 1000), 0.15 wt% (0.75 grams) of Vanlube 871 which is a
30 thiadiazole containing 2,5- dimercapto-1,3,4-thiadiazole having an alkyl
polycarboxylate moiety, 16.00 wt% (80.00 grams) Citgo 150 bright stock, and

25



20 nol ecul ar wei ght 550), 0.15 wt% (0.75 grans) of . Mobilad C610 which is a
t hi adi azol e contai ning approximately 0.01 wt% 2, 5-di nercapto-1, 3, 4-

t hi adi azol e, 16.00 wt % (80.00 granms) G tgo 150 bright stock, and 80.40 w %
(402. 00 granms) Exxon 600 N (base oil) were m xed at 150F until the m xture
was honogenous. 25 Exanple K To a 1 L beaker, 2.85 wt % (14.25 grans) of the
base package of Exanple 1, 0.60 w% (3.00 grans) of polyisobutenyl (PlIB)

succi ni ¢ anhydr,hde, I i 000)4y 0. 15 wt % (.0 r ) of
Van ube 871 S0 AR AT BRI BN (RS by Sodimited 415U

di mer capt o- 1thd, AUt athsplagrhegdriotisag an al kyl  pol ycar boxyl ate noi ety, 16.00
wt % (80.00 grans) Citgo 150 bright stock, and 25 80.40 w % (402. 00 grans)
Exxon 600 N (base oil) were m xed at 150F until the mxture was

honogenous. Exanple L 5 To a | L bea Lmdfte $° wt % (14. 25 grans) of the base
package of Exanple 1, 0.60 wt % (3. OM of polyi sobutenyl (PIB)

sugci ni f:(f"ﬁ;\hi]dlai e beBkér, 2183 wt%lrsm.gﬁe‘jrgilﬂs) bOHR) bade ﬂéckgg%c(fﬂix%ﬁngeans) of
Lubri zol (r 5 i IS i adi azol e tai ning about . 4 o1

2, 5- di mer capa-gﬁﬁ%%-ﬁaﬂm% @'Viﬁ%b@eﬂw@f%aw@mlgaam#n@ (%8 150 br i ght
st ock, and 8 9 D s i . xed at
TE0E el ¢ Mofebuldr WelGht| tf %?ﬁg@ﬁ?}@@m%&ﬁ%@@iﬁsgﬁ‘%?ﬁ 98G5 e %
(14. 25 gr ansthiagfiazdhe chataminmekeiget wt% 2 adirnerchpto-13,0-tbiadistzédd, 3. 00 gr ans)

f pol yi sob | ini G, anhydr i, PI B | i ght 1000),
0 18w s (o VB marcleDlod b i EbURRAopE ard 4% o e *cont ai ni no
about 4 ¢ % @02-:00 R BR0A 680N (Bakbip ARG mixed at 150°F until the mixture

( ~ was homogenous.

Example M
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

15  0.60 wt% (3.00 grams) of polvisobutenyl (PIB) succinic anhydride (PIB
- molecular weight 1000), 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,
16.00 wt% {80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams} Exxon 600 N (base oil) were mixed at 150°F until the mixture
20  was homogenous.

(ﬂ ¥ Example N
. Toa1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,
_ 0.60 wt% (3.00 grams) of polyiscbutenyl (PIB} succinic anhydride (PIB
25 molecular weight 1000), 0.15 wt% (0.75 grams) of Mobilad C610 which is a-
thiadiazole containing about 0.01 wt% 2,5-dimercapto-1,3,4- thiadiazole,
16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
_ was homogenous,
30
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16. 00 wt % (80.00 grans) Citgo 150 bright stock, and 80.40 wt % (402.00
grans) Exxon 600 N (base oil) were m xed at 150F until the mxture 20 was
honogenous. Exanple N To a 1 L beaker, 2.85 wt% (14.25 grans) of the base
package of Exanple 1,. 0.60 wt% (3.00 grans) of polyisobutenyl (PIB)
succini ¢ anhydride (PIB 25 nol ecul ar wei ght 1000), 0.15 wt % (0.75 grans) of
Mobilad C61 0 which is a thiadiazole containing about 0.01 wt%

2, 5-di mercapto-1, 3,4- thiadiazol e, 00I 0 (80.00 grans) Citgo 150
bri ght stock, and 80.40 w % (402. 00 Mxon 600 N (base oil) were

m xed at 150Foum Llbekker, maewt% 1025 S S bastd a&a@@@Wﬁarﬂ jgota | L
beaker, 2.85 wt%g14 25 grans) o( he@gggg ackage gf Exanp 1, 1.20 wt %

(6.00 grans)1@prﬁQgﬁm@ﬁl@fR@W@?b%@Mﬁ 1) &Wﬁﬁﬁﬂéﬂ'ﬂﬁ@(fgﬁﬁ)l eculdar I
! i adi azol e
Contai ning_ omEiestiar elbitcob, %6 3T iag Lo 8RS, SFFailbg Ryyfich i &' 2

pol ycar bdxyl mﬁmjltebyntam@ﬂ Satiivndr88piaoi Qr@ﬂﬁédz&dl@@a%@ &byt stock, and
80.40 wt % (40 ase oil m xed at 150F until

the mixtur e REKC a{aﬁn@a dUQ‘e%BGéJ%erl\lee{) 3B BhSras) s tad brightsonk sandl 4. 25

g(r)?;?)s'ogrjt:aﬁ ?PI é‘f SUCCI%I C m dObNFCF)g&'Dnﬁ '%6ar vvelta@ ﬁﬂﬁ 0. 15

w % (0. 75 grtiil&gmthreMHsrmmbger)OLEQSSA vvhllch is a thiadi azoI e contai ni ng
about 4 wt % 2, 5-di nercapto-1, 3, 4-thi adi azole, 15 16.00 wt % (80.00 grams)
Ctgo 150 bright stock, and 80.40 wt % (402.00 grans) Exxon 600 N (base oil)

were mxgd at 150F until the m xtur € Example P

- ( To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,
1.20 wt% (6.00 grams) of polyisobutenyl {(PIB) succinic anhydride (PIB
molecular weight 1000}, 0.15 wt% (0.75 grams) of Lubrizol® 5955A which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,

15 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oif) were mixed at 150°F until the mixture

was homogenous.

Example Q
To a 1 L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

20 1.20 wt% (6.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
molecular weight 1000), 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wit% 2,5-dimercapto-1,3,4-thiadiazole,

16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wit%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture

25 was homogenous.

7,
I

Example R
Toatll beaker 2.85 wt% (14.25 grams) of the base package of Example 1,

1.20 wt% (6.00 grams) of polyisobuteny! (PIB) succinic anhydride (PIB
30 ° molecular weight 1000), 0.15 wt% (0.75 grams) of Mobilad C610 which is a
thiadiazole containing about 0.01 wt% 2,5-dimercapto-1,3,4-thiadiazole,
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was honogenous. Exanple Q To a 1 L beaker, 2.85 wt % (14.25 grans) of the
base package of Exanple 1, 20 1.20 wt% (6.00 grans) of polyi sobutenyl
(PIB) succinic anhydride (PIB nolecular weight 1000), 0.15 wt% (0. 75
grans) of Hitec(r) 4313 which is a thiadiazole containing about 4 wt%

2, 5-di nercapto-1, 3, 4-t hi adi azol e, 16.00 wt % (80.00 granms) Citgo 150 bri ght
stock, and 80.40 wt % (402.00 grans) Exxon 600 N (base oil) were m xed at

150F until t 3 L beaker, 2.85
wc% (14, 25 of S0 T B CRAR 3803 SEERE S B0 8580 o, (600 r ame)

of pol yi sobu{4e2y00 ¢iahi)) Exxoni 6U0CNIbayeE bil dRefeRnedOatMBSF Winail thieh@iirel 000)

0.15 wt% (0. 75 %ram;) of Mobilad C61 0 which is a thiadiazol e containing

about 0.01 wV8s DXOHIGFEREHR-apt o- 1, 3, 4-t hi adi azol e, 27 16.00 w % (80. 00 grans)
Citgo 150 bright stock, and 80.40 wt % (402.00 grans) Exxon 600 N (base oil)
were m xed at 150F until the m xture was honogenous. 5 Exanple S A fifth
base package was prepared as foll ows:ExBenple®0 nlL beaker, 81.82 wt % (40.91

grans) of dialkyl pol |fide, a mxture_ of di-t-butyl, tri-, tetra-, and
ent o sul f | o MEBSAEEKRI EEIOPRICHR [IPKST Chent cal ' Company. 6. 02wt %

3.41 t 4
Wik 2, o G ey L2, 200 RE Yok Bl BOUER (D S gipnis) AR ELRAMY, & Aol
t et r apr openydf d;titb(utyh tri- detrgd rar‘de{:)E(rttaisalIfdeoﬁ'Bé’t&i 454 fromit GhevadoPhillgpse ni xed

t 100F t th t beaker, 2.2 wt%
?11 0 gr ;Prsl)bﬁ?mf‘i"i’é ar “@%@%3@9@@5@@5 oEHiRcRr 32'1@&““'? 88 w9 (97. 80
grans) ofo C thaplidehe %h@ﬂﬁnébﬁﬁﬁt 4 asie2 8ldimer@ipfo-1 ,34-thiadiazole,
¢ 11.36 wi% (5.68 grams) of tetrapropenyl succinic anhydride (total molecular

weight 266) were mixed at 100°F until the mixture was homogenous.

To a 1,000 mL beaker, 2.2 wt% (11.0 grams) of the additive package above

15 described, 19.56 wt% (97.80 grams) of Citgo. 150 bright stock (base oil), and
78.24 wi% (391.20 grams) of Exxon 600 N (base oil) were mixed at 130°F
until the mixture was homogenous.

PERFORMANCE RESULTS

20 Example 2
(“ [ The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 2a, passing the GL-5
requirements for copper corrosion test.

25 Example 3
The composition of this example was evaluated for copper corrosion

~ according to ASTM D-130. The ASTM D-130 rating was 1b, passing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated
three more times. Each result produced a rating of 1b, passing the GL-5

30 requirements for copper corrosion test.

28



78.24 wt % (391. 20 grans) of Exxon 600 N (base oil) were m xed at 130F
until the m xture was honobgenous. PERFORMANCE RESULTS 20 Exanple 2 The
conposition of this exanple was eval uated for copper corrosion according
to ASTM D1 30. The ASTM D- 130 rating was 2a, passing the G.-5

requi renents for copper corrosion test. 25 Exanple 3 The conposition of
this exanpl e was eval uated for copper corrosion according to ASTM D-130.

The ASTM D-130 rating was 1 b, passi the G.-5 requirenents for copper
corrosion test. The ASTM D-130 test E&é%&at ed three nore tinmes: Each

result pr Od“\‘F\%dccﬁnﬁ@élﬁ&goﬂfhlsleﬁrrﬂ%ﬁﬁ%_ﬂgvéIngteg‘f.‘oﬁ.céﬁ & 6§5‘f’?”t s for

copper corrosion test e conpositio |s exanpl e was
eval uat ed f @ccemippeto ASH"NbE’FtﬁO ‘Blee 68diIM -1 30 Ading @aﬂﬂ@, pﬁbsangﬁTeB/IGD-ESO
rating was 1b. .passi ng ments for copper corrosion test. 5
Exanpl'e 5 Tﬁ%q'ﬂ %@tﬁ Bﬁo%?ertcﬂf@slﬁ’g [iee was eval uated for copper -
corrosiog according to ASTM D- 130. The ASTM D- 130 rating was 2c, passing
the G.-5 requirenents for copper corrosion test. The ASTM D- 130 test was
repeated. 10 This result produced a EXample 8f 2a, passing the G-5

el o was oI o Bl SRR i p IZER B BT f M D 150, The
'ASTM D- 130 matomithg@sASTM Darsy. Mhd ASTH-PB130 rating was 2c¢, passing the GL-5 ‘
requirements for copper corrosion test. The ASTM D-130 test was repeated.
10 This result produced a rating of 2a, passing the GL-5 requirements for copper
C - corrosion test. -

Example 6
The composition of this example was evaluated for copper corrosion

15  according to ASTM D-130. The ASTM D-130 rating was 2c¢, passing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 2e, passing the GL-5 requirements for copper
corrosion test.

Performance Resuits — Comparative Examples

20
& Example A
The composition of this example was evaluated for copper corrosion
according to-ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. |
25
_ Example B
The compoasition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4c, failing the GL-5
requirements for copper corrosion test.
30
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requirenents for copper corrosion test. The ASTM D- 130 test was repeated.
This result produced a rating of 2e, passing the G.-5 requirenents for
copper corrosion test. Performance Results - Conparative Exanples 20t
Exanpl e A The conposition of this exanple was eval uated for copper
corrosion according to ASTM D-130. The ASTM D-130 rating was 4b, failing
the GL.-5 requirenents for copper corrosion test. 25 Exanple B The
conposition of this exanple was eval uated for copper corrosion according
to ASTM D-130. The ASTM D-130 rati ngExasmeC failing the G.-5 requirenents

nBBsil 1] f thi |
was oval uat o EnBRHET oL iy sERRE By S Al BP RRBRP LR e aSTh
D- 130 rat i ngacwasdifg to ASTINI Dg13hie TRE ABTMEIMB0eHIN Wakah, (IMREtheGLEDST on

test. The ASTM D-130 test was repeated. 5_This result produced a rating of
4b, failing V@HH'V@DBBt%fQQGPP@WE)SF% tesbppbe AUV LydBAestanas rapeated.e D The

L _ : ¢ _ . di
fo ASTM B 105 TRaTUEHITE {8 A Hren Taliig Re (AOBREQUFANERE BFoggfeir & 10
requi r enent scdraosicnofgser corrosion test. This exanpl e passed the test

because it contained tw ce the anbunt of thiadiazole and no pol yi sobut enyl
succi ni ¢ anhydri de. The present invention contains |ess thiadiazole and an

Example D
The composition of this example was evaluated for copper corrosion

according to ASTM D-1 30. The ASTM D-130 rating was 2e, passing the GL-5

( - 10  requirements for copper corrosion test. This example passed the test
because it contained twice the amount of thiadiazole and no polyisobutenyl
succinic anhydride. The present invention contains less thiadiazole and an
alkyl or alkeny! succinic anhydride.

15 Example E
The composition of this example was evaluated for effect copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5

requirements for copper corrosion test.

20 Example F
( j,'fi" The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5

requirements for copper corrosion test. The ASTM D-130 test was repeated.

This result produced a rating of 4b, failing the GL-5 requitements for copper
25  corrosion test.

Example G
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
30 requirements for copper cotrosion test. The ASTM D-130 test was repeated.
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al kyl or al kenyl succinic anhydride. 15 Exanple E The conposition of this
exanpl e was eval uated for effect copper corrosion according to ASTM D-130.
The ASTM D-130 rating was 4b, failing the G.-5 requirenents for copper
corrosion test. 20 Exanple F The conposition of this exanple was eval uated
for copper corrosion according to ASTM D-130. The ASTM D-130 rating was
4b, failing the G.-5 requirenents for copper corrosion test. The ASTM

G5 requi r onin e opuced A BgbgBEb ARG FE S Rhyi8hus T cofhetoc? | on

of this exangdreosiastestal uated for copper corrosion according to ASTM
D-130. The ASTM D- 130 rating was 4b, failing the G.-5 30 requirenents for
copper corrosion test. The ASTM D- 130 test was repeated. 30 This result

produced a rating of 4b, failing theEQarr@Ié‘Fﬂu' rements for copper

corrosion test. Exanple H5 The conp f this exanple was eval uated
for coppér cbe osinprsitiaoofthis egample8adeDall@ted fineopSINdIFdsSonr at i ng was

4b, failing the rrosion te Th
£D: 502109 LG e o A LS5 Bl AT RSD 560 G20, A BT ¢ e
GL-5 requi r ei@g0lr&miels ﬁ)‘?l&@ﬁﬁer @csrfdsqtﬁ«\ Rt g Pé ASHM D-158388tfad rebttited.
conposition of this exanple was eval uated tor copper corrosion according
t o ASTM D- 13Dhis TesulingDRLCed 30ating ohdbialingishe K?d;—Bwequt&memB fer copper
corrosion test.
10 _
C Example |
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
15 This result produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example J
The composition of this example was evaluated for copper corrosion

20 according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.

: ( This result produced a rating of 4b, failing the GL-5 requirements for copper

- corrosion test.

_ Example K
25 The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated. .
This result produced a rating of 4b, failing the GL-5 requirements for copper
corrosion test.

30
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requirenents for copper corrosion test. The ASTM D- 130 test was repeated.
15 This result produced a rating of 4b, failing the (-5 requirenents for
copper corrosion test. Exanple J The conposition of this exanple was

eval uated for copper corrosion 20 according to ASTM D-130. The ASTM D- 130
rating was 4b, failing the G.-5 requirenents for copper corrosion test.
The ASTM D- 130 test was repeated. C This result produced a rating of 4b,
failing the G.-5 requirenents for copper corrosion test. Exanple K 25 The
conposition of this exanple was eval %ﬁ%\o—ﬁiﬁ' copper corrosion according

Lo ASTM D-139he EompbSTUN2r 438 cxcinplovwi8 ByAiband Pidrciipbheofsisn T equi rement s
ASTM D- 130 d

for copper corrosion test. The test was repeated. This result
produced a raggardingfto A5TN &- 30.g AnhAS T B-136qating meast4b, ffaiting tipp &1L-5
corrosion test. . 3 ample L The ¢ oS ti f thi xanpl e S
eval uat ed forfeqyg%.ﬁ‘beﬁ%gércggp%rncor%é% %%Egﬂ"g %1§Qgesqwrg§m d:30
rating wads 4Prisfrablit pebduaed ﬁlraﬁndg beAY, fafiBthe G105 régmpéﬁeﬁt%rfbpébﬁﬁbrt est.
The ASTM D-130 test was repeated. 5 Thi's result produced a rating of
failing the @UESIPRERHALr enents for copper corrosion test. Exanple M The
conposition of this exanple was evaluated for copper corrosion 10 accordi ng
to ASTM D-130. An ASTM D- 130 rating was 4b, failing the G.-5 requirenents

for copper corrosion test. The ASTM Bxagplé Rt was repeated. This result
produced a r_?ti ng of 4b, failing the G.-5 requirenents for copper

he composition of this example was evaluated for copper corrosion
10 according to ASTM D-130. An ASTM D-130 rating was 4b, failing the GL-56

(: requirements for copper cormrosion test. The ASTM D-130 test was repeated.

This result produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example N
15 The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This resuit produced a rating of 4b, failing the: GL-5 requirements for copper
corrasion test. ‘

20

& Example O

The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.

25  This result produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example P
The composition of this example was evaluated for copper corrosion

30, according to ASTM D-130. An ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
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corrosion test. Exanple N 15 The conposition of this exanple was eval uated
for copper corrosion according to ASTM D-130. The ASTM D- 130 rating was
4b, failing the G.-5 requirenments for copper corrosion test. The ASTM
D130 test was repeated. This result produced a rating of 4b, failing the
G.-5 requirenents for copper corrosion test. 20 Exanple 0O The conposition
of this exanple was eval uated for copper corrosion according to ASTM

D-130. The MD 130 r was 4b, failing the G.-5 requirenents for
copper corrﬁhlﬁ{eﬁﬁ'épmd%%‘g%g?m‘@q§@ tading sGlr Sgedvigements fpgicoOppeE U t

produced a rabjrB8oRtedb, failing the GL-5 requirements for copper
corrosion test. Exanple P The conposition of this exanple was eval uated for
copper corrosion 30. according to ASTM D-130. An ASTM D- 130 rating was 4b,
failing the GL.-5 requirements for c%péger !c%{crosi on test. The ASTM D- 130
test was repeated. 32 This result p rating of 4b, failing the

GL-5 requs r eTRBicenfRksitIRART Bhis eXARPAS WRR dvaRiated i BRD geQ:é}rJQSnCO”pOS' tion
of this exanple was eval uated for copper corrosion ccording to ASTM D1

30. An ASTM BcagdingdeiAfyl Mdx-130. ATIaA\STNth’tﬁ@ rating wasethyifaiingthe Glos copper

corrosion te S, 130 t est. eat resul t ced a

rating of 4b§é‘¥“ér£ﬁ‘ﬂ‘g§ Wé" BPERCPERUTY %nt W&bggbﬁewﬁﬂ%&?fgﬁ*@qﬁa

Exanpl e R This result produced a rating of 4b, failing the GL-5 requirements for copper
corrosion test, |

C 10 | Example R
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper

15  corrosion test.

Example S
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
20  requirements for copper corrosion test. '
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The conposition of this exanple was eval uated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the G-5
requi renents for copper corrosion test. The ASTM D- 130 test was repeated.
This result ‘produced a rating of 4b, failing the G.-5 requirenents for
copper 15 corrosion test. Exanple S The conposition of this exanple was
eval uated for copper corrosion according to ASTM D-130. The ASTM D-130
rating was 4h, failing the G.-5 20 requirenents for copper corrosion test.
33 CLAIMS:  ¢HAMSI6i | Zsol ubl e additive conmposition conprising: 5 (a) an
organi ¢ sul fur-containing extreme pressure additive; (b) a thiadiazole,
wherein the thiadiazole does not contain a polycarboxylate noiety and the
anount of dilver dapoibselubléiagdilive cempesition icomphisinghi adi azol e i's from about
0.1 mt%to about 10 wt% (c) an am no phosphorus conpound; and 10 (d) an
al kyl or al kenyl succinic anhydride, wherein the alkyl or al kenyl group

has a nugber aV‘féﬁggnfﬂ?Qﬁﬁé!sﬁlfuM@bﬂléﬁnirgﬁﬂ @mréh@ﬁreéﬁﬂfatﬁgitﬂ%out 700. 2. The

oi | -sol ubl e additive conposition according to clarm erei’'n said 15
ani no phosphor usbk oggbiadihzole, aviereindiherthispliazsshdoes nat cdfitainoa | - sol ubl e

ddi ti iti ing to.claim) 2 ' id, . organi
Ul fur - cont ay ni ng eRPPEABeRYRE MRSt hedmduta s Rietiatiage 20 4.
~ The oil-soluble addbrése@ntmmqmédi@zbl@@ﬁérﬁimd9,1C\vaﬁ%f’tb%tiwa1©icj\ﬁ't°/§:ai d

di al kyl polysulfide is a mxture of di-t-butyl tri-, tetra-, an
penta-sul fide. (& #R&aNINe phosphoIsepmpouns; @odpositi on according to any

one of yhe preceg) Qggtag{@wﬁlk@%f S8 b A Wb the Ik or SRR Ses &t

&gast one of 2-
A group has a number average molecular weight from about 160 to

about 700.

2. The oil-soluble additive composition according to claifn 1 wherein said
15 amino phosphorus compound is amine dithiophosphate.,

3. The oil-soluble additive composition according to claim 1 or 2 wherein said

organic sulfur-containing extreme pressure agent is a dialkyl polysulfide.

20 4. The oil-soluble additive composition according to claim 3 wherein said
dialkyl polysutfide is a mixture of di-t-butyl tri-, tetra-, and penta-sulfide.

9: - The oil-soluble additive composition according to any one of the preceding
claims wherein said thiadiazole further comprises at least one of 2-mercapto-5-
25 hydrocarbyithio-1,3,4-thiadiazoles; 2-mercapto-5-hydrocarbyldithio-
1,3,4-thiadiazoles; 2,5-bis(hydrocarbylthio) ahd
2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazoles.

6.  The oil-soluble additive composition according to any one of the preceding claims -
30 wherein said alkyl or alkenyl succinic anhydride is an alkenyl succinic anhydride. |
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25 hydrocarbyl thio-1, 3, 4-thi adi azol es; 2-nercapt o-5-hydrocar byl di t hi o-

1, 3, 4-thi adi azol es; 2, 5-bi s(hydrocarbylthio) and 2,5-bis(hydrocarbyld
ithio)-1, 3,4-thiadiazoles. 6. The oil-sol uble additive conposition
according to any one of the preceding clainms 30 wherein said al kyl or

al kenyl succinic anhydride is an al kenyl succinic anhydride. 34 7. The

oi | -sol ubl e additive conposition according to claim®6 wherein said al kenyl.

succi ni ¢ anhydri ten ci ni c anhydride. 8. The oi.l-sol uble
Sda L ive SomyeL Tl sBRblE Aty ShmePsliah ARsoeing 5 Fa & UharBi SAidueal nic
anhydride is tetélﬁa{waeeaihzcﬁéwdaue i$'p8 %bbg%ny J&?ﬁicoadhgafy?ﬁié&b' € additive

conposi tion according to claim'’ mherel ylsobut group of the
pol yi sobut enyl succinic anhydride has a nunber average nol ecul ar wei ght

from about 0 tg about The..0 sol dd| ive co ition
accor di ng tgf? cl ﬂ?ﬁb?ﬁﬂ'é‘ﬁgq d‘iﬁY%l°°‘|5'8P§'it'9'8lﬁ'ﬁ?%r QE? bwtee]rgm aid

pol yi sobdt enyl sl sgcani&yaimydﬁdeaé;tearap%ﬁé?@is@c\faﬁ%%rfyﬁhéréul ar wei ght of
about 450 to about 650. 15 11. 'A lubricating 6il conposition conprising:

(a) a major amobunt of oil of lubricating viscosity; and (b) a m nor anount

Ul fur “cont ani nr SO pRbER GATRIS LbRRRFRTRELTD to, el TV ERBRNMR s
conpound, 20 (i |pdly:eotbdteayllg&mbefth@mlﬁisob@tbﬁytéumlamh eRagat contain
a polycarboxylate noiety and the anmount of di mercaptothi adi azol e present

in the thiadi azdiimber ﬂ‘#%%l%lﬂlﬁ!@cm@f weighbfrem %DSM@WOVQW 4A8- (iv) an

-al kyl orqeal kenyl succinic anhydride, wherein the al kyl or 25 al kenyl group
6{ the al'kyl or al kenyl succinic anhydride has a

-’ 10. The oil-soluble additive composition according to claim 9 wherein said

polyisobutenyl group of the polyisobutenyl succinic anhydride has a
number average molecular weight of about 450 to about 650.

15 11, Alubricating oil composition comprising:
(a) amajor amount of oil of lubricating viscosity; and
(b) - a minor amount of an oil-soluble additive composition comprising:
(fy an organic sulfur-containing extreme pressure additive,
(ii) an amino phosphorus compound,
20 (i) a thiadiazole, wherein the thiadiazole does not contain a
~ polycarboxylate moiety and the amount of
{ dimercaptothiadiazole present in the thiadiazole is from about
0.1 wt% to about 10 wit%, and
(iv) an ‘alkyl or alkenyl succinic anhydride, wherein the alkyl or
25 alkenyl group of the alkyl or alkenyl succinic anhydride has a
number average molecular weight of from about 160 to about
700.

_ 12. A lubricating oil composition comprising:
30 (a) amajor amount of oil of lubricating viscosity;
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nunber average nol ecul ar wei ght of from about 160 to about 700. 12. A
| ubricating oil conposition conprising: 30 (a) a major anmount of oil of
| ubricating viscosity; 35 (b) fromabout 0.25 to about 3.6 wt % organic
sul fur-containing extrene pressure additive; (c) fromabout 0.3 to about
1.5 W % am no phosphorus conpound; (d) from about 0.01 to about 1.2 wt%
or’ al kenyl succinic 5 anhydride, wherein the al kyl or al kenyl group

al kyl

has a nunber

mol ecul ar. wei ght _of about 160 to about 700; and (e)

from about O. ogv(ﬁéagfemtat@%Q-Zﬁf%amﬂuaaiﬁa%%é?rgawérs@imr-swamgamgmee does

not contain a pol ycaslax sapl. ety and the anount of
di mer capt ot hi adi azola% pr%ﬂsegérﬁm:ﬂ%t he thiadiazole is from 10 about 0.1 w %

to about .10 wt %(c), @M aboet Diiotoi atauit N wifiponinoi phosphosdiomgpdind;! ai m 12

m xture of di-t

et 4, S A G By T R S5 °

| ubri catigng conposi ti ' i i |.d al ken);l"' '
succinic 5gnhydri de i%@@ggg@ﬂ%@ﬁ}fr& &k@ dpé@e’ﬁﬂm?ﬁ‘.ﬁéﬁ% %ggnﬁﬁéer

suctinic a | ubri cati ng

conposi ti on accor di myverage haleoul2 weighBofdieotdi 160daiaboat Rédyand 20 succini c
anhydride is polylisabutenyl . succinic dride. . 16. The lubricating
corr%osi tion acco(ébii ?fg‘)m@b)é/’f'fglagﬁéocﬂboefg%pwég%ﬁ'@éﬁ‘)@@%‘ﬁf‘%‘f‘ﬁb@ (a) a
maj or anount of oil tafadiadold 8364 At MHrt&A b%lgceﬁll%x lé&ﬂhﬁgag yt%na-tﬁeto about

2.6 Wt % organi ¢ sul fur-contai ning extrene

10

15

20

25

30

13.

- 14,

15.

- 16.

. pressure a 've;
amount of dimercaptothiadiazole present in the thiadiazole is from

about 0.1 wt% to about 10 wt%.

The lubricating composition according to claim 12 wherein the organ'ic
sulfur-containing extreme pressure additive is a mixture of di-t-butyl tri-,
tetra-, and penta-sulfide.

The lubricating composition according to claim 12 or 13 wherein said alkenyl

succinic anhyd'ride is tetrapropenyl succinic anhydride.

_ The lubricating composition according to claim 12 or 13 wherein said alkenyl

succinic anhydride is polyisobutenyl succinic anhydride.

The lubricating composition according to any one of claims 12 to 15 comprising: |
(a) a major amount of oil of lubricatiné viscosity; |
(b) from about 1.2 to about 2.6 wt% organic sulfur-containing extreme
' préssure additive;

(c) from about 0.7 to about 1.3 wt% amino phosphorus compound;
(d) - from about 0.1 to about 0.75 wt% alkyl or alkenyl succinic

anhydﬁde, wherein the alkyl or alkenyl group has a number

average molecular weight of about 160 to about 700; and
(e) from about 0.05 to about 0.2 wt% thiadiazole, wherein the

thiadiazole does not contain a polycarboxylate moiety and the .
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(c) fromabout 0.7 to about 1.3 wt% am no phosphorus conpound; (d) from

about 0.1 to about 0.75 wt % al kyl or al kenyl succinic anhydride, wherein
t he al kyl or al kenyl group has a nunber average nol ecul ar wei ght of about
160 to about 700; and 30 (e) from about 0.05 to about 0.2 wt %t hi adi azol e,
wherein the thiadiazole does not contain a pol ycarboxyl ate noiety and the
36 anount of di nmercaptothi adi azole present in the thiadiazole is from

about 0.1 Wt % to about 10 vvt% 17. The lubricatin corrp05|t|on accordl ng to
any one of clains 12Meuntofdimeicaptetfiadiazol %Preéengr@ the thindiazolepis fiom of

lubricati-ng viscosityhok )1 $iB aB8Ut 18 wlopt % to about 2.2 wt% organic

sul fur-containing extrenme pressure additive; (c) fromabout 0.8 wt%to
about 1.2 wt % am no phosphorus conpound; 10 (d) from about 0.25 to about

0.6 wt % al ky]., or nh i er al k or  al kenyl
group has a uane'?e! IEEC% '"%gg'ﬁé{’]%@‘iﬂ v@ ﬂ{élmongﬁg&[}:ur%gzlt %B‘é’ﬁ?”si'@ﬂ) “and
(e) fromgabout W &a?ﬁ&iﬁto@oil%f , Wherein the

t hi adi azol e doeg(a%ot iélz((?(fﬁnt aln a pol ycamb %h@gﬁ%?e 'y and the. 15 anount of
di mer capt ot hi adi®32 ol feorprabsahi .4iwi% Itmabbutaﬁﬂam% organid sudfar-caindainir®y 1 wt % to
about 10 wt % 18. A t hod of redu (%ﬁ\geyel | ow nmetal corrosion in netal
conponents i n ax| esTXAENG PLATSHIGR 'conpri sing contacting the netal

conponents 20 vgchh ﬁé]ﬁdb@hf@%av{rt%‘% 8bbuCPIRA% hhfilb Phosidrds 11 19. A
nmet hod of makl ng an oil-sol uble additive conposition conprising: (a)

preparing a base packuigRound; m xi ng an organi c sul fur-cont a| ning extrenme

pr.essur eI()add' ti V(%)men%%oﬁ% 28 t8 BpﬂrdJ W% ani@?%r aikeny! succinic

( ] _ anhydride, wherein the alkyl or alkenyl group has a number
| average molecular weight of about 160 to about 700; and
(e} from about 0.1 wt% to about 0.18 wt% thiadiazole, wherein the
| thiadiazole does not contain a polycarboxylate moiety and the
15 amount of dimercaptothiadiazole present in the thiadiazole is from
about 0.1 wt% to about 10 wt%. '

18. A method of reducing yellow metal corrosion in metal components in
axles and transmissions comprising contacting the metal components
20 “with the lubricating oil composition of claim 11.

{ - 19. A method of making an oil-soluble additive composition comprising:
. (a) preparing a base package by mixing an organic sulfur-containing
' extreme pressure additive with an amino phosphorus compound;
25 and |
(b) mixinb the product of {(a) with an alkyi or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
- thiadiazole, wherein the thiadiazole does not contain a
30 polycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wi% to about 10 wi%.
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25 and (b) mxing the.product of (a) with an al kyl or al kenyl succinic
anhydri de, wherein the'al kyl or al kenyl group has a nunber average

mol ecul ar wei ght of about. 160 to about 700, and a thiadiazole, wherein the
t hi adi azol e does not contain a 30 pol ycarboxyl ate noi ety and the anount of
di mer capt ot hi adi azole present in the thiadiazole is fromabout 0.1 W% to
about 10 wt% 37 20. The nethod according to claim 19 wherein said al kyl

or al kenyl succinic anhydride is polyisobutenyl succinic anhydride and
wher ei n t he 2bol\NesH8 cogding fo Blaimal Swheesin saidraligd onall@mi guceinicght  of

about - 250 to 7%hyéri3&is Jaﬁﬁﬁ@%‘?ﬁg'&% ig%ﬁ%@%ﬁﬁMé&mgm n said

al kyl or al kenyl sdccinic e1ls succi nic anhydri de.
22. A nethod of puhfsctmitenyl geourhas aqiuehbercavarage odtutaweight 60abdd ()
preparing a basmﬁk@%e by m xi ng an organic sul fur-containing extrene
pressure additi tYYam no phosphorus conpound; (b) m xi ng the product
of (a) wsth an al kyl or alkenyl succinic anhydride, wherein the al kyl or
al kenyl group has a nunber average nol ecul ar wei ght of about 160 to about
700, and a 215 tTHicanietiood ascovdieg & olairhe! & Wheimaait alkld s alkehyb snédhia a

pol ycar boxyl at e | ety and. the amount of dipercaptothiadi azole present in
t he t hi adi azol e q@yﬁp&%s&ggaprqye{ty t%qrgcggge Mo wt % and (c) combi ning

the product of (b) with a major amount of oil of 20 lubricating viscosity.
2 23. The met hod according to claim 22 wherein from about” 0.01 wt % to about
22. A method of making a lubricating oil composition comprising:

10 (a) preparing a base package by mixing an organic sulfur-containing
(ﬁ . extreme pressure additive with amino phosphorus compound;
- (b) mixing the product of (a} with an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
15 thiadiazole, wherein the thiadiazole does not contain a
| bolycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wt%;
and _
(c) combining the product of (b) with a major amount of oil of
20 lubricating viscosity.

A : 23. The method according to claim 22 wherein from about 0.01 wi% to about
1.2 wt% alkyl or alkenyl succinic anhydride is added to the product of (a)

| - and mixed with thiadiazole, wherein the thiadiazole does not contain a

25 polycarboxylate moiety and the amount of dimercaptothiadiazole present
in the thiadiazole is froﬁ about 0.1 wt% to about 10 wt%.

24. The method according to claim 22 or 23 wherein from ébout 0.02 wt% to ab'ou_t

0.25 wt% thiadiazole, wherein the thiadiazole does not contain a
30 polycarboxylate moiety and the amount of dimercaptothiadiazole present
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1.2 wt % al kyl or alkenyl succinic anhydride is added to the product of (a)
and m xed with thiadiazole, wherein the thiadiazol e does not-contain a 25
pol ycar boxylate noi ety and the anmount of di nercaptothi adi azole present in
the thiadiazole is fromabout 0.1 w%to about 10 wt% 24. The net hod
according to claim22 or 23 wherein fromabout 0.02 wt% to about 0.25 wt%
t hi adi azol e, wherein the thiadi azol e does not contain a 30 pol ycarboxyl ate
noi ety and the ampunt of di mer capt ot hi adi azol eﬂgr esent 38 in the

thi adi azol e is it thisgiazol is fiemeabeubBauwt’ do aooyt 16 withddsiadded e thepr oduct
of (a) and m ?‘egréﬁt}c?oﬂzb}élnd%uéblww bk ﬁrp&'célﬂ%@f gg@%’ ﬂg %ﬁ\)yd% A method of

maki ng a.lubricating oit’conposition CO €an organic
sul fur- contalnlng extrene pressure addi tive, am no phosphorus conpound,

an al kyl or _alk CCI ni¢g a dride, wherel n.the al kyl or al kenyl group
has a nunbe|2?S é‘e%ﬁ rﬁflf@%‘ﬂf‘&aq\v{%{'%tn%?' eHBRRsiiepCOMPABIEE 700, and a

t hi adi I | at
i ety and the Séﬁhﬂ%’*‘ﬂ? R NE UG CORRTIA oRPETE eReds RUMGAN L0 6
is fromabout 0.1 wamim@pbxbspﬁoraﬂcmtrfripundnam hlkyhm'aikaraylrsmzdcmidﬂormgenous :

and (b) adding at Iea t. 90 % base oil e mxture of (a). 15 26. The
met hod accordi ng t 03B %ﬁ"lﬁez indhe aliy eralﬁ@pylcgr%W@ﬁﬁ né nic

Dol 31 sobut enyl ot oud foge ot WefoBrepRLOmTRFBIRTRIN a1 250 1o
- 700. 20 27. The net thhadiazdeywhergit thethiadiaRie dbes aohconfaih al kyl or al kenyl
succi ni g, anhydri depioﬁlcé%%&)%g{eo %r:]é/tly andths Bnsout o¥ glmercap othiadiazole
! . present in the thiadiazole is from about 0.1 wi% to about 10 wi%,
untit the mixture is homogenous; and

(b) adding at least 90 wt% base oil to the mixture of (a).

15 26. The method according to claim 25 wherein said alky or alkenyl succinic
anhydride is polyisobutenyl succinic anhydride and wherein the
polyisobutenyl group has a number average molecular weight of about
250 to 700.

20 27. The method according to claim 25 wherein said alkyl or alkenyl succinic
anhydride is tetrapropenyl succinic anhydride.

39



